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ABSTRACT 


v A sediment’ budget was developed for ‘southern Monterey Bay, 
RZ | eee This budget is“ based heavily upon sediment information : 
obtained from field and laboratory studies. These studies included 
a detailed quasi-synoptic’ areal sampling’ to determine distribution of 
textural patterns, and a time-series study of beach and surf-zone sand 
— obtained from jocal sand-mining companies. : 
Results’ from. these studies. were combined with data on river 
essai the wind and wave regimes, and shoreline changes during 
the past century to develop quantitative estimates of sediment gains 
and losses to the cell. It was determined that the major sources of \ 


sediment are the discharge from the Salinas River which empties into / 


the northeast corner of the cell, and erosion of Quaternary seacliffs | : 
which form the inner bay’ shore. Major sinks are the Monterey Sub- | 
marine Canyon, active coastal dune fields, the mining companies, and 
the offshore area. 

The recent history of the sediment regime in the southern bay 


is reviewed, and a forecast of future nearshore changes is’ made. Recom- - 


mendations for further work needed to refine the budget computations 


are presented. 
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I. INTRODUCTION 


A. PURPOSE AND SCOPE 

= This study deals with the sedimentary environment and the move- 
ment of sediments in the southern portion of Monterey Bay, California 
(Figure 1). ‘The primary purpose of the work was to outline the major 
factors contributing to the sand budget of the area and to correlate 
these factors with the present areal patterns of textural properties of 


beach and nearshore surface sediments. Because of the magnitude of th 







task of undertaking a total sand budget study and the incomplete nature 
a ~ 


of some of the data, emphasis’ was. p] j ] 


distribution and seasonal variability of sediment patterns and on lit- 
~ : toral'transport._ Quantitative evaluation of credits and debits to the 
budget was in most cases quite tentative. 
Any sand budget has immediate practical interest, primarily for 
coastal’ engineering purposes, to the area under investigation. A 
further intent of this study was to provide an insight into the relative 
frequency and magnitude of geomorphologic’ processes in the southern 
Monterey Bay area. The location of gaps in both specific data and 
basic knowledge concerning the region and processes is a natural out- 
growth: of attempts to transform and synthesize information from dif- 
ferent specialties and to take the major step from qualitative to 
quantitative interpretation. 
Dace ke ny he Southern Monterey Bay extends from Monterey Submarine Canyon 
Ch 47)... toss: Landing, +0 Point Pinos on the Monterey Peninsula. It is nwa 


considered to constitute a single sediment or littoral cell, i.e., a 


bounded area within which a continuity oi budget principle may be 
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applied to the study of the beaches and nearshore ocean floor and their 
Cee The area and many of the debits and credits in its budget are 
ie. * shown in Figure 2. The major portions of the present investigation of 
: this cell, and the primary data sources, are as follows: 
“s 1. Delineation of quasi-synoptic sediment parameter patterns 
in the area. Samples were collected and analyzed by the author. 
2. Determination of seasonal and annual variations of sediment 
parameters on the beaches. Samples collected at two Pacific Cement and 
J Aggregates mining locations over periods ranging from six months to two 
years were analyzed. 
/ 3. «Computation of the sand budget, the primary components of 
which follow: 
a) Salinas River surface water and suspended sediment 
* Fase records were analyzed using data provided by Mr. B. Eissler of the 
Salinas office of the U.S. Geological Survey, Division of Water 
Resources. Dates of river outflow to the sea were obtained from the 
Monterey County Flood Control Division. 
gaff b) Seacliff erosion was evaluated from aerial photographs, 
Fee ntatned from various sources, dated from 1941 through 1968. 
c) Longshore components of wave power and sediment trans- 
ra port were computed from National Marine Consultants {19° 1) vave nindcast 
statistics, using refraction information provided by Professor Warren C. 
Thompson of the Naval Postgraduate School. 
; an d) Qualitative sand mining information was obtained from 
s “a interviews with the local sand mining companies. Production volumes 


were taken from published state and federal statistics. 
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e) Shoreline and bottom depth changes with time were 
analyzed by comparison of U.S. Coast and Geodetic Survey (C. & G.S.) 
smooth sheets of 1851-54 through 1953-54, and of U.S. Army Corps of 
Engineers Monterey Harbor surveys and probings from 1932 through 
1943. 

f) Sediment transport by wind was computed from eight 
years of data taken at the Naval Auxiliary Landing Field, Monterey. 

4. Correlation and synthesis of the above data was attempted, 
using additional mineralogical, local, and general studies as referenced 
in the text. 

It should be noted that Section II, concerning the quasi- 
synoptic distribution of textural properties of sediments in the 
southern end of the bay, is written in somewhat more detail than is 
of interest to the average reader. This portion of the study was a 
necessary preliminary operation for the pure budgetary computations, 
and provided the basis on which many of the later conclusions and propo- 
sitions were based. It was primarily designed to aid in the location 
of the important areas, sources, and losses for the budget, and to 
indicate the resultant of the major geomorphological processes in the 
littoral cell. The basic information from this section has been sum- 
marized in the charts, Figures 6 through 15, and in the subsection on 


conclusions. 


B. AREA CHARACTERISTICS 

The land area to the east of the southern bay is dominated by 
the Salinas River valley. The Salinas River extends inland.to the south- 
southeast and has a drainage area of 4,157 square miles. Inland of the 


et 


city of Salinas, located about 10 miles upriver from the mouth, the 
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( valley is flanked by mountain ranges which parallel the rest of its 
/ course. Rocks of many kinds -- sedimentary, igneous, and metamorphic 
-- are exposed in the drainage basin and are thus available for trans- 
‘port to the shoreline. The mouth of the river is presently located a 
about a mile and a half south of Moss Landing. It is ponded behind 
a beach bar during most of the year, and flows directly into the ocean 
only when an opening in the bar is artificially created to prevent 
flooding. At the coast, the river valley extends from a dune field 
immediately south of the present outfall to Elkhorn Slough on the 
north. A channel which was abandoned in about 1906 runs northward . 
behind the beach and empties into the slough. 
Most of the area between the river valley and the Monterey 
|Peninsula is ccvered by a Quaternary dune field. Dunes form the shore- 
or Fs ‘line along this portion of the inner bay coast. They are low and 
ail ‘/ narrow in the southern end of the bay and slowly increase in height - 
and width for about two miles upcoast from Monterey Harbor (Figure 2). 
At this point the dunes increase rapidly in height and extend several 
miles inland. From Sand City on the south to the Salinas River valley 
on the north, the seacliffs average approximately 38 feet in height. 
Maximum elevation of the cliffs is over 160 feet, and in the Fort Ord 
area the tops of the dunes lie about 100 feet immediately above the 
beach. The seacliffs are frequently cut by wind gaps in which the dunes 
are prograding inland. North of the river the coastal dunes, which — 
extend northward to Elkhorn Slough, are low and narrow. 
There are two notable geological formations in the southern bay 
area. These are the Santa Lucia granodiorite which composes most of 
the Monterey Peninsula, and the Miocene Monterey Formation, a diatoma- 


ceous shale, which underlies the major offshore portion of the area. 
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These formations’ meet’ along the Tularcitos. Fault (Figure 2), which is 
postulated’ to extend across the bay floor (R. Ford, personal <ommunica- 
tion). The granodiorite forms the shoreline along the entire north- 
+ eastern face of the Peninsula. The Monterey shale generally dips to 
the west and north and is overlain superficially by both the Paso Robles 
Formation of Pliocene age and by Quaternary alluvium and dune sands. 
The offshore topography of the bay is dominated by the well 
known Monterey Submarine Canyon which heads within a hundred yards of 
‘the beach at Moss Landing. The 100 fathom curve extends southwest from 
approximately 2,500 yards off the beach at the head, and lies about 
8,000 yards west of Point Pinos (Figure 1). The southern shelf slopes 
gently shoreward with contours approximately parallel to the beach. 
= Isobaths under 40 fathoms reflect the U-shaped shoreline of the southern 
end of the bay. Bottom probes and bathymetry indicate the presence of a 
7 minor ancient drainage channel from the El Estero. This channel follows 
the shale-granodiorite contact. A fairly significant bulge of isobaths 
occurs off the mouth of the Salinas River and represents a submarine 
delta. This delta is quite large, considering the short period of time 
the river has emptied into this location and the severity of wave action 
on the open coast; it may represent a recent addition to an earlier 
accumulation of deltaic sediments. 
cluer® The climate of the area is characterized by cool dry summers 
T's and wet winters. There is much local microclimatological variation 
near the Peninsula due to orographic control. Normal total annual 
rainfall at the coast is 12.6 inches; the bulk of this falls from 


November through April. Rainfall decreases rapidly inland. The 


average annual temperature at Monterey is 55°F, and there is only 





v7 


about a 9° difference between the means of the warmest and coldest 
months. Winds at the coast are predominantly from the northwest, and 
there is a well-developed sea-land breeze regime from late spring 
through fall. Wind waves and swell are also primarily. from the north- ae 
west, with much seasonal variation. Wind and waves are discussed in 
more detail under sediment budget considerations. 
There is little detailed information available concerning the 


currents of the bay. They are known to show seasonal variations and 


are believed to’ be strongly influenced by the offshore oceanic regimes. 


sf There are three major periods in this yearly cycle. The southward 


vo 
CALI FoRmeact 
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flowing California Current, a permanent major feature off the coast, 
enters the bay and dominates its water mass characteristics only 
during October and early November, when winds are light and erratic. 2 
From November through February, south winds create the narrow, slug- 
gish Davidson Current which flows to the north, shoreward of the . 
California Current. In February the winds reverse, the Davidson 
Current ceases, the California Current moves away from the coast, and 
upwelling commences. This lasts until about October when the California 
Current again moves in against the shore as the winds die down. 
Under the influence of the offshore currents and submarine 
topography, two general patterns of water motion are set up in the 
southern bay. During the winter months there is a slow,’ northward 
moving’ nearshore current along the entire eastern shore. From spring = 
through: fall, there appears to be’ a slow southward flowing nearshore 
current’ from Moss Landing to Sand City. A small and weak cyclonic gyre 
is developed in the southern end of the bay because of intersection of 


the Monterey Peninsula with the southward offshore flow. During 
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secimert sampling operations for this study, the nodal point of these 
flows was noted to be located about a mile south of the southern border 
.* of Fort Ord (Figure 2). Littoral currents do not appear to be related | 
ie to these nearshore patterns, but are instead responsive to. waves atid 
swell. 

Monterey Harbor, located at the extreme southern end of the 
bay, is protected by a concrete and rubble breakwater on the north- 
west and by a solid wooden bulkhead on the southeast. Nearshore cur- 
rents in the harbor area are very slow and weak, and most circulation 

< through the harbor is due to tidal flow. The protective structures 
prohibit lonagshore transport of sediments into or through the harbor, 


so that virtually all flow must enter and leave on the seaward side. 


7: Vc. LITERATURE 
Previous pertinent work in the Monterey Bay area has developed 
the general outlines of sedimentary patterns and constituents. 
Galliher (1932) described the geology and topography of the entire bay 
and drainage areas, charted the distribution of sediments by size, and 
" reported the carbonate, sulfide, and phosphate content of offshore 
samples. He emphasized the strong influence of submarine canyons on 
the nature of the terrigenous bay sediments, and noted a generally 
decreasing average grain size with increasing water depth. He also 
described the presence of sulfide-rich brown and black muds beyond the 
¥ 20-fathom contour. More recently, Wolf (1968) attempted to relate 
current and sediment patterns in the nearshore regions of the bay. He 


uscd a Wide sample spacing and concluded that bay sediments are under 


active transport, primarily parallel to isobaths. 





Mineralogy of the beach sands has been studied by Hutton (1959) 
and Sayles (1966). Both authors report a major compositional break at 
Elkhorn’ Slough, with hornblende and garnet being the predominant non- 
Opaque heavy minerals to the south. Sayles noted an additional miner- 
alogical break about a mile northeast of the harbor, with hornblende 
being predominant at the extreme southern end of the bay and along the 
shoreline of Monterey Peninsula. Monteath (1965) analyzed 38 off- 
shore samples for percentage concentrations of nine constituents 
believed to be indicative of the depositional environment. He noted 
that most constituents are concentrated in bands which roughly parallel 
the coast. Terrigenous material is most important near the beach in 
areas of medium and fine sand, and pelagic and authigenic constituents 
increase in percentage with distance from shore. An anomalous area of 5 
micaceous fine sand’ was noted to exist in the extreme southern end of 
the bay. a 
Yancey (1968) studied the heavy mineral constituents of beach, 
river, and offshore samples in an attempt to determine provenence of the 
bay sediments. He attributed the nearshore sediments in the southern 
call to a Salinas River source, but found a separate offshore province 
of undetermined origin. He concluded that the Monterey Submarine Canyon 
is the northern boundary of the southern cell, and that no detectable 
mixing occurs’ between sediments from the Salinas and Pajaro Rivers, 
except in the canyon itself. He also subjectively evaluated the physi- = 
ography of the region, and concluded that the inner shore of the bay 
between Marina and Monterey is in equilibrium with the waves. He 
further postulated that the delta off the mouth of the Salinas River 


is a subaerially deposited alluvial fan, and that the mouth of the 
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Salinas has been in its present location throughout the Pleistocene 

and Holocene. Serious discrepancies between many of Yancey's conclu- 

sions and the results of the present analysis are discussed in subse- 
. «= quent sections... 

MirtiG Mining operations and the economically valuable beach and dune 
sand deposits forming the eastern coast of southern Monterey Bay have 
been described by Goldman (1964) and Hart (1966). Four companies are 
engaged in mining both beach and dune sands at six locations south of 
the Salinas River (Figure 2). The mining operations are concentrated 
in areas of coarse beach sands to the north and south of Fort Ord. 
Dragline scrapers in the surf zone are used in five of ‘these operations. 
Some of the sites have been mined continuously for over 60 years. 

*, kere pe TO The Corps of Engineers (1959) used refraction diagrams, annual 
‘ peak river discharge data, and comparisons between successive C. & G.S. 
= smooth sheets to determine shoreline changes in the southern bay since 
the first detailed surveys in 1851 to 1854. They reported an overall 
seaward movement of the shoreline, but found no correlation between 
dates of Salinas’ River floods and shoreline migration. They estimated 
longshore drift on the basis of wave front refraction diagrams and 
postulated a downcoast drift which decreases in magnitude from Elkhorn 
(Slough to _a nodal point about two miles northeast of the harbor. They 





also concluded that drift is variable in the harbor area and that only 

oe a relatively minor amount of Fine sediment is accumulating inside the 
harbor. Lack of accretion on either side of the Coast Guard Breakwater, 
constructed at Monterey Harbor in 1934, indicated to them that transport 
rates in the harbor and along the adjacent peninsula shoreline were 


small. 


19 





Short term, localized sand movement studies have been conducted 
in the southern bay by Hohenstein, Jaeger, and Jones (1965), and adja- 
cent to Monterey Canyon by Davis, Harper, and Neish (1966). These 
Studies concluded that sand diffusion rates are large but that lit- al 
toral transport is negligible_in the southern area, and that transport 
is predominantly toward the canyon near Elkhorn Slough. Reconnaissance 
studies of sediment parameter distributions along the bay beaches have 
been conducted by several students at the Naval Postgraduate School. 
These and other studies indicate that throughout the year the coarsest 
sand is located in and immediately north of the Fort Ord area, with 
gradations’ to medium and fine sand to both north and south. The finest 


beach sand is found at the extreme southern end of the bay. 


D. SEDIMENT CELL’ BOUNDARIES e 
The literature has’ in general indicated that the southern portion >> 
of Monterey Bay comprises a nearly complete littoral cell with boundaries 
at the Monterey Submarine Canyon and at Point Pinos (Figure 2). Major 
ae. sediment inputs to the cell are from the Salinas River, erosion of the 
Quaternary dunes bordering the inner beaches, and shoreline erasion 
and abrasion of the granodiorite exposure of the Monterey Peninsula. 
An additional possible source (Shepard, 1963) is onshore transport of 
material from the shelf. Losses are to the dunes, down the canyon, Lisses 
and by mining. Southerly longshore sand transport is large in the 
northern portion of the cell, but continual losses must occur enroute 
* because very little active deposition takes place in the harbor area. 


Of The entire cell is essentially stable, and little change has occurred 


in the shape of the bay for the last several thousand years. 





The sediment cell for this study is therefore specified as the 
area of the continental shelf bounded by the Monterey Submarine Canyon 
on the north and west and by Point Pinos on the southwest. The 
selection of these boundaries is supported by the known ability of 
submarine canyons to’ form littoral barriers (Shepard, 1951, 1965), 
by surveys which show solid rock bottom in the nearshore to the west 
of Point Pinos (Galliher, 1932), and by the various mineral studies. 

It is assumed throughout this study that there are negligible inputs 
to the’ cel] from beyond these boundaries, so that sources are limited 
to the contiguous land areas. The canyon, offshore area, beaches, 
and the area south of Point Pinos must all be considered as possible 
sinks. 

Although the budget’ considerations are applied to the entire 
cell, the area°chosen for detailed sampling and examination of sediment 
textural distributions was limited to’ a 15 square mile zone in the 
southern end of the bay (Figure 2). Previous workers~(e.g., Galliher, 

1932; Wolf, 1968) have broadly sampled the entire cell and indicated 

the general’ nature of the sediment size distribution. ‘It was therefore 
felt that a detailed examination of a key area would be of greater value 
than a wide and general’ resurvey, since lack of time precluded a 
detailed sampling of the whole bay bottom. 

The extreme southern end of the bay was chosen for sampling 
in the betief that sediment textural patterns within it would best 
represent the resultant’ action of all of the geomorphological processes 
of importance in the cell. This area includes both the granodioritic 


sands of the Monterey Peninsula and a significant and typical portion 


of the inner bay shore. It extends’ from a region of small wave action 





near the harbor to the open, unsheltered areas near Point Pinos and 

along Fort Ord. It includes the area of convergence of the cyclonic 

current gyre near the harbor and the predominantly southward flowing 

nearshore current of the eastern bay shore; it also encompasses the yee 
nodal’ point of sand transport mentioned by the Corps of Engineers (1959). 

Due to the shape of the bay and the prevailing wind and wave direc- 

tions, the area chosen for detailed textural study should act as a 

sink’ for material from both upcoast and along the Peninsula. The 

detailed patterns of its sediments should thus: give an indication of 

the relative’ magnitude of sediment sources and transportation mechanisms 


in the cell. 
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TI. QUASI-SYNOPTIC SEDIMENT PATTERNS 


A. SAMPLING PROCEDURE 

The term quasi-synoptic is intended to imply that samples were 
collected within a sufficiently short time period that temporal varia- 
tions were minimized.’ The samples are thus representative of spatial 
variations of textural parameters along the beach and jn the offshore 
area. No attempt was made to include continuous sampling across the 
surf zone. Therefore, no conclusions can be drawn about the relation- 
ship between beach and offshore samples. Because of the radically 
different nature of processes acting on the beach and outside the 
surf zone, and to the time considerations of continuous profile col- 
lections’ at a large number of locations, no coupling of environments 
was attempted. 

A total of 420 sediment samples were collected. Of these 
samples, 320 were directly used for analysis of sediment patterns; 
their locations are charted in Figure 3. The additional 100 samples 
were duplicates of reported stations or fell outside of the boundaries 
of the study area. These extra samples were used to verify continuity 
or repeatability of results in time and space. Samples numbered 1 
through 150 were taken on 8 and 9 March, 1968; 157 through 172 on 
April 6, 1968; 173 through 400 on 15 to 17 June, 1968; and 400 through 
420 on 22 September, 1968. 

All offshore samples were taken from the Naval Postgraduate 
School 63 foot research vessel, using a Dietz-LaFond Heavy Duty Grab 
and a locally modified clamshell mud snapper. Sample volumes averaged 


approximately 100 ce (250 grams), and a minimum of 30 grams was obtained 
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at each station. Navigation for offshore stations numbered under 
400 was’ by’ visual compass bearings. Fathograms and coastline photo- 
graphs from each station were used for verification of position. 
Notations’ of these positions are believed to be accurate to within a 
25 yard’ radius. Stations~401 through 420 were Tocated by radar 
navigation, assisted by fathograms. The positions of these stations 
are believed accurate to within a 100 yard radius. 

In an attempt to determine representativeness of grab samples 
and to more closely delineate the boundaries of reported rock out- 
croppings, scuba dives were made around Stations 5, 6, 241 to 242, 

248 to 252, and 280. In general, the dives indicated that in areas 

of sand and mud the samples were representative, but that in regions 
near the boundaries of rock outcrops, wide and random deviations in 
types of bottom sediments occurred within short distances. Based on 
these findings a small sampling interval was used in areas of suspected 
anomalies, and several’ grab drops were made at most of these stations. 

Beach samples were collected along 47 sections extending from 
Monterey Harbor to the northern portion of Fort Ord. At 40 of these 
47 sections, three samples were taken across the beach profile at the 
positions indicated on Figure 4. Where high dunes are not present 
immediately behind the beach, the backshore sample was taken from an 
approximate 2-foot depth below living vegetation. All backshore or 
dune samples were taken from undisturbed material beneath the surface 
near the foot of the seacliffs. Exceptions to this sampling procedure 
are noted on the sediment parameter charts, in Figures 6, 8, 10, 12, 
and 14. ‘At the additional seven beach sections, only the in-water and 


mean water line (MWL) stations were occupied, due to lack of consolidated 
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backshore material, presence of seawalls, or disturbance from construc- 
tion.’ An attempt was made jin all cases where the backshore was sampled 
to include semi-consolidated material which visually appeared representa- 
tive of the immediate area. 

Samples from the water and beach were taken by hand from the 
top 10 cm of material. Their average weight was approximately 250 
grams. Beach areas’ which visually appeared to have uniform composition 
for a longshore extent of at least 50 yards were selected for sampling. 
Notation of section positions is estimated to be accurate to within 
50 yards. 

The pocket beaches along the Monterey Peninsula were not 
sampled. ‘Virtually all of the sand on these beaches has been derived 
from the immediate vicinity by erosion and abrasion of the granodiorite 
which constitutes the shoreline in this area. These beaches are 
characteristically composed of coarse sand, cobbles, and boulders. 
Grains are’ angular and unpolished, and show little evidence of long 
residence on the beaches. 

Lengths of beach sampled at one time were limited to that which 
could be covered within an hour and a half of low tide. Breaks in the 
dates of sampling occurred at the southern Fort Ord border and near the 
southern end of the bay. Surf conditions were qualitatively similar 
(low to moderate) for a minimum of two weeks prior to each sampling 
date, and minimum sampling overlaps of 700 yards (two sections) were 
made. While analysis indicated that overlapped samples were not 
identical, no major compositional differences were noted between those 
of similar position but different date. Values’ of all parameters fell 


within the’ same class ranges (as described in’ the sections on the 
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parameters) for the duplicated samples. Samples which were duplicated 
at sea Similarly showed only minor differences. Approximately 25 
samples were taken to the north of the detailed study area and shore- 
ward of the 30 fathom line, to insure upcoast continuity of reported 
sand regimes. Analysis of these samples verified the similarity of 


parameter patterns along the coast to the north. 


B. ANALYSIS AND PRESENTATION 

All samples’ were freshwater rinsed to remove the majority of 
salts. Samples were placed on a 12.5 cm diameter fast filtering paper 
in a two-pound coffee can with a perforated bottom. Approximately 
twice the sample's volume was used for rinsing. Rinse water was 
retained in’ an evaporating dish, allowed to settle and then decanted, 
to further insure retention of fines. Samples were dried at 140°F for = 
a minimum of 24 hours, mechanically disaggregated as necessary, and - 
again dried for a minimum of 30 minutes prior to analysis. Due to 
the extreme variability of temperature and humidity in the laboratory, 
samples were sieved while hot to prevent cohesion due to moisture and 
resultant clogging of sieves. 

A stack of 11 sieves at half-phi intervals from 4 $ to 1 9, and 
at one-phi intervals from 1 $ to -2 ¢ were used [¢ = -10g, (grain 
diameter in mtllimeters)]. Two sets of sieves vere used, and 
several samples which were split and run for comparison of the sets 
showed insignificant differences in computed parameters. A minimum of 
10 minutes of shaking time and a maximum weight of 150 grams were used 
for each sample run. Samples containing a large percentage of fine 
material were pre-sieved dry through the 4 » sieve. A pipette analysis 


(Krumbein and Pettijohn, 1938) was run on Samples D1, P2, D2, and P3 
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(Figure 3), and on several samples from directly north of the study 
area, in order to determine approximate composition of the fine frac- 
tion of offshore samples. 

The textural parameters used and reported herein are those of 


Inman (1952). They are given by the following formulae: 


Median = Md, = 50 
Mean | ae ¥ldo, + 46) 
Deviation =o = 4&5, - 16) 


Ist Skewness : Mean _- Median 


ti 
a 
ti 


Deviation 
4 bg5 + es) - Median 
end Skewness = O = Deviation 
4lo,-. <- >.) ~ Deviation 
kurtosis = @ = 92} 


Data were processed on the Naval Postgraduate School IBM 360 
computer. Cumulative weight values measured to 0.0001 grams on a 
Mettler balance were read in, and values of weight per size class and 
cumulative percent were received as output. A Calcomp plotter was 
utilized to simultaneously construct the cumulative frequency graph on 
two scales for each sample. The graph, an example of which is presented 
as Figure 5, showed grain diameter in millimeters versus cumulative 
frequency percent on arithmetic ordinates. Percentile values were 
manually read from a hand smoothed curve drawn through the data points. 
Based on the results of the pipette analysis a lower limiting grain 
diameter of 6) was assigned to the fine fraction before hand smoothing 
of the cumulative frequency curve, if the fines represented over 2% of 


the total sample weight (Friedman, 1967). The computer programs are 
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presented as Appendices A and B, and compilations of sample weights, 
cumulative percentages, and phi percentile values and textural parame- 
ters are presented respectively as Appendices C, D, and E. 

The analysis method of computer plotting followed by hand 
reanalysis has the dual advantages of fairly rapid speed and the 
necessity of visual examination of each sample's cumulative frequency 
graph. By performing a detailed examination of each graph, the worker 
retains a feel for his data. Complete machine analysis (e.g., Collias, 
Rona, and McManus, 1963) is believed by this author to decrease the 
validity of subjective analysis of the resulting distribution patterns 
since the worker sees only the numerical results. The shape of the 
cumulative curve and its minor perturbations, which in many cases are 
as diagnostic as the parameters describing them, are thus overlooked 
and the fpeeiacatey is removed even further from the realities of the 
suite under investigation. Inman's parameters were used because of 
their wide acceptance and because, for the sample suite under considera- 
tion, they provide as complete a statistical picture as required. 

Some criticism has been presented in the literature (e.g., 
Folk, 1966) of the sediment analysis methods used in this study. In 
order to insure that results were not biased by the methods used, a 
set of 10 samples representative of all environments in the suite was 
selected for further analysis. The cumulative frequency distributions 
of these samples in » units were hand-plotted on arithmetic probability 
paper. Values of Inman parameters and of phi percentiles computed from 
these plots showed insignificant differences from those computed by the 


hand~computer method using straight arithmetic paper. Folk and Ward 


(1957) statistics of mean and deviation were computed using all 





available samples, and scatter plots of Inman versus Folk and Ward 
parameters’ were drawn. These plots indicated close similarity between 
the two sets of parameters. Based on these findings, it was concluded 
that the computer-hand analysis methods and the simple Inman parame- 
ters used here were entirely satisfactory for analysis of the sediment 
patterns in southern Monterey Bay. 

The computed values of mean, deviation, Ist and 2nd skewness 
and kurtosis have been plotted and contoured and are presented in Figures 
6 through 15. Two charts are presented for each parameter; one contains 
numerical -vatues“of parameters at each station and the other is the 
author's analysis. This duality is intended to aid the reader in 
locating specific station positions and values, and to permit alternate 
analysis if desired. Beach samples have not been contoured in detail - 
due to chart scale limitations. Patterns of the median were extremely 
similar to those of mean, and were therefore not plotted. The median 
values were used’in the computation of the other parameters and also 
served as a check on the continuity of results for each sample. 

Areas were designated as rock outcrops only if actual pieces 
of the rock or living organisms known to reside only on solid sub- 
strata (e.g., the solitary coral Balanophyllia elegans) were obtained 
in the grab. Other indicators used to help delineate the extent of 
rock-outcroppings"were kelp growths (Macrocystis and Nereocystis) 
visually or photographically located, and scuba dives. Failure to 
obtain material’ in the grab after repeated ctosings was not taken as 
indicative of solid bottom. 


‘Scatter plots of the following parameters were drawn on the 


computer: the’ mean versus deviation, Ist skewness, 2nd skewness, and 





kurtosis; deviation versus Ist skewness; Ist versus 2nd skewness; 

and 1st and 2nd skewness versus kurtosis. Two sets of these plots 
were made. The first set contained plots of all samples and dif- 
ferentiated onTy between beach and offshore material, and the second 
set contained plots of only offshore samples northeast of a line 
joining the’ two major outcrops of Monterey shale and differentiated 
them on’ a basis of depth interval. Insufficient correlation was noted 


to justify numerical studies or curve fitting. Those scatter plots 


not used in the text are included as Appendix F. 


€. DESCRIPTION OF SEDIMENT PARAMETER DISTRIBUTIONS 

Features common to all of the charts discussed in this section 
include the granodiorite exposure along the entire Monterey Peninsula 
coastline from Point Pinos to Monterey Harbor; the two Monterey shale 
outcrops in the extreme southern end of the bay and immediately outside 
the 30-fathom contour; and a bed of sand dollars (Dendraster excentricus, 
Figure 3) extending upcoast along the inner bay shore, north of Station 
248, at depths of 5 to 8 fathoms. The Peninsula coastline is spotted 
with pocket beaches of coarse, locally derived sediment, and the 
textural parameters of samples collected immediately offshore from 
them were generally anomalous. Similar anomalies occurred around the 
shale outcrops. 


1. Phi Mean Diameter (Figures 6 and 7) 


The Wentworth scale of grain size (Wentworth, 1922) is used to 
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describe the class intervals as follows: 


My Description 

< -8 Boulders 
-8 to -6 Cobbles : 
-6 to -2 Pebbles oo. 
-2 to -1 Granules 
-1 to 0 Very coarse sand 
0 to 1 Coarse sand 
1 to iz Medium sand 
yO ie Fine sand 
3 to 4 Very fine sand 
4 to 8 Silt 

> 8 Clay 


a. Offshore 

The normally anticipated pattern of nearshore gradation from 
coarser material on and near the beach to finer material beyond the 
limits of wave action is in general apparent, although there are many 
perturbations of this general pattern. Immediately off the coast of : ~ 
Fort Ord, coarse sand in and just outside the surf zone grades into 
finer material in the sand dollar bed. Qutside of the sand dollar 
zone, and running parallel to the beach along the 10 fathom line, is 
a second zone of coarse material. Several samples in the coarse 
patches contain well-polished grains in the granule and pebble range. 
Seaward of this belt there is a normal gradation of decreasing mean 
size with increasing depth; very fine sands containing up to 40% silt 
and clay extend from 25 fathoms seaward. Samples from the area north 
of the chart indicated that the sand dollar bed ends near the northern 
border of Fort Ord. From there to:Moss Landing this fine-coarse-fine 
grain size distribution doesnot exist, and gradation is steadily toward 
finer sizes in an offshore direction from the beach. 

South of the southern end of the sand dollar bed the medium 


and coarse sands extend seaward in a lobate shape to depths of 25 
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fathoms. They are here bounded by fine sand to the north and west. 
Immediately east of the large shale outcrop in the southern end of 
the bay, a tongue of fine sand stretches toward the sand dollar bed 
but fatls to cut off the neck of the medium and coarse lobe. The 
medium and coarse sands continue’ to the south atong the beach just 
outside the surf zone, but do not extend southwest’ of the shale 
outcropping. 


Near the southern end of the bay much of the sediment is very 





fine sand. The harbor itself is covered with very fine, black, muddy 
sand with many included pieces of both shale and granodiorite. The 
nearshore zone along the Peninsula is bordered by fine sands which 
include large amounts of broken shell. Medium sands extend northeast 


from Point Pinos and’ from some of the pocket beaches. An area of fine 


’ sand extends westward in depths of 25 to 35 fathoms at least as far 


as a line running directly north from Point Pinos. In the area of 
medium sand near’ the Point the sediment is heavily charged with shell 
fragments and worm tubes, and the most westerly samples contain very 
little terrigenous material. Shoreward of this’ medium sand zone the 
bottom is composed of the granodiorite exposures, pitted by pockets 


filled with calcareous debris. 


b.. Beaches 


The general grain size pattern along the beaches of the 


‘inner coast shows a gradation from very coarse sand in the north to 


fine sand in and near the harbor. The coastal sands of Fort Ord are 
very coarse, with negative mean phi values for most of the in-water 


samples. There is a very rapid decrease in mean size, and a similarly 
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rapid change in the nature of variation across the beach profile, about 

600 to 700° yards south of the southern Fort Ord border (Figure 6). To 

the north of this area the samples taken from the mean water line are, 

with few exceptions, much finer than the samples taken in the water. 45 
‘To the south, the MWL and in-water samples are comparable in size, and 

there is very little change of mean size across the beach; in about 

half of the sections, the MUL sample is coarser than the one from the 

water. The zone of composition change lies immediately seaward of the 

highest dunes along the entire beach, and about 700 to 800 yards north 

of the area in which the dunes grow rapidly in height and inland extent. 

A second and less noticeable change of composition occurs in 

the southern end of the bay, at the most southerly extent of the dunes. 

In-water samples toward the harbor from this point show wide anomalies 7 
in size from one station to the next, being alternately fine and medium. 
All MWL samples, however, are fine and similar to each other, although 
finer than’ all samples to the north. Construction along the southern- 
most beaches and in the harbor has undoubtedTy: caused alteration of the 
sands in this area. The beach sand between the piers in the harbor is 
fine. The long continuous sand beach of the inner bay ends at the 
granodiorite outcrop near Fisherman's Wharf and the Peninsula pocket 
beaches’ of coarse, locally derived sand extend from there northwestward. 

The dune’ sands behind the inner bay beaches show little mean 

‘size variation alongshore. The range of values lies almost entirely a 
in the medium sand class. The dune sands are much finer than those of 
their bordering beaches in the northeastern sector, but downcoast of 
the area of rapid beach sand size change they are comparable to, and 


in some cases coarser than, the beaches. The size composition of the 
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dunes is*clearly different from that of the present beach sands in the 
major dune field area, where the dune sands are reddish and extremely 
dusty. Further south, the dune sands are more similar in appearance 

to’ their adjoining”beaches, although they still contain’a significant 
amount of dusty material. The southern dunes are much Tess consolidated 


than in the northern ones. 


2. Phi Deviation (Figures 8 and 9) 
An arbitrary scale of deviation values was used to provide class 


intervals as follows: 


ej Description 
aan) Poor sorting 

0.5 to 1.0 Fair sorting 
< 0.5 Good sorting 


Other class limits were experimented with for contouring, but appeared 
to produce’ less“meaningful patterns on the charts. 
a. Offshore 

Zonation in the deviation values occurs in the sand dollar 
bed off Fort Ord in the same approximate area as that of the means. 
Sands show good sorting in the bed, fair sorting in the patches of 
coarse material ~to seaward, and good sorting further to sea. The zone 
of good sorting’ extends downcast southwest of the Fort Ord border in 
two lobes, one adjacent to the beach and one in about 15-20 fathoms. 
The seaward lobe ends about 800 yards northeast of the nearshore 
shale outcrop, and the strip along the beach grades into fairly sorted 
material about 800° yards south of the border. An additional patch of 
good sorting extends seaward to a depth of about 45° fathoms immediately 


southwest of the Fort Ord border, in the southwestern section of the 
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area occupied by very fine sands. Further to sea and in the area of 
fine sands bordering the Peninsula, sorting is generally poor. 
Anomalous areas occur along the Peninsula coast, with alter- aaj 


nating patches of good sorting off of rocky areas and poor sorting ._ 


Pa.) 


off of pocket’ beaches. ‘Areas of very poor sorting, with phi deviation 
values as high as°1.73 offshore and 2.2] tn the harbor, occur between 
the two’shale outcroppings, in the coarsest patches of the coarse belt 
outside the sand dollar bed, in the harbor itself and in the extreme 
southern end of the bay, and at one station near the beach about 1,500 
yards” southwest” of the Fort Ord border. Two isolated patches of good 
sorting occur around’ the shaTlower shale’ outcrop. One runs along the 
beach and the’ other’ extends westward from the shale to the breakwater. 
The remainder ofthe bay, i.e., most of the southwest portion, is 


covered by fairly sorted sediment. 


b. Beaches 

Almost all of the beach sands fall within the fair scrting 
category, although isolated samples show good sorting. A 700 to 800 
yard strip centered about 300 yards south of the Fort Ord border con- 
tained poorly sorted sand in the in-water samples. The MWL samples in 
this location did’not show the same longshore mintmum of sorting quality 
when compared with samples to the north and south. In general, the 
MWL samples were better sorted than the in-water samples, although the 
difference in sorting coefficient between two samples on a profile was 
seldom greater than 0.2 ¢. The MWL samples at the southern end of the 
bay showed longshore continuity of the sorting values, but some of the 
in-water samples in this area were shone lous. Sorting quality of the 
granodiorite sands on the north side of Fisherman's Wharf in the harbor 


was very poor. 
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Dune sands showed a wide variation in sorting values between 
adjacent samples, although the majority of values indicated fair to 
poor sorting. The values for the northern dunes were somewhat higher 

; than those for the southern ones. and several dune samples downcoast 

7 from Robert's Lake showed sorting coefficients in the good class. 
While by no means~a continuous trend, the dunes tend to be better 
sorted toward the south. This is due at least in part to a smaller 


amount of included fine material. 


3. First Phi’Skewness (Figures 10 and 11) 


















This: parameter gives a normalized measure of the skewness of 
the central portion of a sample's frequency distribution. An arbi- 
trary qualitative scale was set up with two classes on either side of 


the symmetrical’ value of a = 0.0. 


Oo, Description 
i= < -0.10 Heavily negative 
-0.10 to 0.0 Lightly negative 
0.0 to 0.10 Lightly positive 
>0.10 © Heavily positive 


A negative value indicates skewness toward coarse sizes, and a positive 
“value shows skewness’ toward finer material. Patterns of skewness are 


less well ‘developed than those of-either mean or deviation. 


A. Offshore 


An area of sediments of nearly symmetrical grain-size 


“«@ 
1 


distribution occupies most of the southern end of the bay. Immediately 
east of the nearshore shale outcrop the skewness values tend to be 
slightly negative, and to the west and north they are slightly positive. 


Along the eastern shore, skewness is slightly toward coarse material 
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within most of the Fort Ord area; the values change to heavily nega- 
tive southwest of the: Fort: Ord border and adjacent to the coast. 
Seaward of this relatively thin strip the sands are positively skewed, 
and heavy skewness’ toward the fines occurs in water as shallow as 

» to S fathoms’ in the Fort Ord area. The area of very positively 
skewed material extends west and a is i from the beach, encircling 
the nearly symmetrical sands in the bay end and extending down along 
the peninsula coast. The harbor and the area between it and the 
nearshore shale outcrop are also covered by sediments with values of 
a greater than +0.10. 


Anomalous areas of very negative skewness occur in scattered 





locations throughout the bay. Three samples inside of the 12-fathom 
curve off Fort Ord’ show this characteristic, as do two samples inside 
the 10-fathom line and 500 to 1,000 yards south of the Fort Ord border. 
One’ sample’ at’ 40° fathoms just seaward of the deeper rock outcrop is very s 
negatively skewed, as are many samples off of the pocket beaches along 
the Peninsula, and several around the shallow shale outcrop and in 
the harbor. The negative values in these latter locations were due 
to the presence of larger rock fragments. The sands north of Point 
Pinos are slightly positively skewed, as are several samples in about 
35 fathoms of water near the Fort Ord border. 
These patterns only roughly correspond to those of the mean 
and’ deviation.’ Some zonation parallel to shore (here from negative is] 
to positive skewness with increasing depth) is shown along the eastern 
shore, and a lobe of slightly negative Skewness occurs in about the same 
area as that of the lobe of medium sand to the northeast of the shallow 


shale exposure. The pocket beaches along the Peninsula and the harbor 
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have anomalous values, and the fine sands offshore display skewness 


toward the fine side of the distribution as expected. 


b. ‘Beaches 

The skewness distribution of the beaches is extremely 
irregular. Virtually no consistency is shown either along or across 
the beach, and rapid changes from very positive to very negative skew- 
ness in both directions are common. The only area with any continuity 
is a 500-yard strip centered about 700 yards south of the Fort Ord 
border. The sands in this zone are very negatively skewed. This 
location is just south of the high dune area where sands rapidly 
become finer to the south. 

Dune sands are similarly inconsistent in their skewness values, 
with a range of -0.33 to +0.21. There is a slight tendency for more 
negative than positive values of skewness, particularly in the southern 
dunes. The southern dune sands appear to be somewhat less skewed than 


the northern ones. 


4. Second Phi Skewness (Figures 12 and 13) 

This is a non-normalized parameter which emphasizes skewness of 
the tails of the sample frequency distribution. The negative values, 
representing skewness toward coarse sizes, were divided into three 
class intervals with limits of 0 to -0.20, -0.20 to -0.40, and less 
than -0.40. Positive values, representing skewness toward fine size, 
were placed into four intervals: 0 to 0.20, 0.20 to 0.40, 0.40 to 
1.00, and over 1.00. The total range of values was from -1.85 to 


1,903 
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a. Offshore 

In general, samples east of a line connecting the two shale 
outcroppings and in water shallower than 20 fathoms are negatively 
skewed, and deep water and peninsular samples are positively skewed. 
Off Fort Ord the patches of coarse bottom seaward of the sand dollar 
bed show quite positive skewness. A lobe of slightly positive values 
extends southwest and then towards shore about 2,000 yards south of 
the Fort Ord border. Skewness values in the sand dollar bed vary from 
Slightly to extremely negative, in a very patchy pattern. Very nega- 
tively skewed areas are found about a mile inside the Fort Ord boundary 
straddling the 10-fathom line, at three isolated spots along the beach 
to the south, directly off one pocket beach on the Peninsula, and in 
several locations near and between the two shale patches. Small and 
medium negative skewness values are found northeast of Point Pinos, off 
the pocket beaches along the Peninsula, inside the harbor, and shore-~ 
ward and to the northeast of the large shale outcrop. 

The very fine sands offshore have extremely positive skewness 
values. Slightly and moderately positive values extend shoreward toward 
the southern tip of the bay into about 25 fathoms, around Point Pinos 
to the west, and south along the Peninsula in an almost continuous 
strip to the harbor and the shale exposure. Values in and around the 
outer harbor are quite positive. 

In general, second skewness shows a much wider range of values 
than first skewness, although a comparison between the two charts shows 
a fairly good correlation between areas of large and small, positive 


and negative skewness. In almost all areas the tail skewness appears 


to be in the same direction as that of the central portion of the 





distribution. The general outline of patterns corresponds quite well 
to that of mean’ diameters. In some cases, comparison of these two 


parameters’ can be diagnostic in environmental differentiation. 


b. Beaches 
As with first’ skewness, values are extremely inconsistent 

in all directions, except within the 500-yard strip centered 700 yards 
downcoast from the Fort Ord border, where skewness values are 
extremely negative. There is a somewhat better correlation between 
values across the beach profile in the south, where a majority of 
values are moderately negative, than in the north where over half of 
‘the profiles show a reversal of sign between the in-water and MWL 
samples. Along the coast, most of the MWL samples show moderately 
negative skewness and none show more than very slightly positive values. —~ - 
The in-water samples’ show much more diversity,. with a range of values 
from -.95 to 1.17. 

Dune samples are also diversely skewed. Samples in a strip 
of beach extending from 1,000 yards south of the Fort Ord border to 
4,000 yards north of it are in general more skewed than other samples 
in both the positive and negative directions. There are an approxi- 
mately equal numoer of positively and negatively skewed samples, and no 


extensive areas of similar values or sign. 


5. Phi Kurtosis (Figures 14 and 15) 
Kurtosis (8) is basically a measure of the spread of the tails 
of the distribution. 8 = 0.65 is the value for a normal curve. Values 
greater than 0.65 denote a wider range of sediment sizes in the tails 
than in the central part of the distribution. The five classes contoured. 


have limits set at 0.65, 0.85, 1.00, and 1.50. 
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a. Offshore 
Only in very limited areas and in occasional individual 

samples is the value of kurtosis less than 0.65 (leptokurtic or peaked 
distribution). These areas include a portion of the coarse patches 2 . 
outside the sand dollar beds, and an extension of the southern patch . 
south of the Fort Ord border. This extension runs for 1,000 yards 
along the 10-fathom curve and then turns shoreward to continue immedi- 
ately off the beach for another 2,500 yards downcoast. Two pocket 
beaches along the Peninsula also show low kurtosis values, as do 
patches in the harbor and immediately north and south of the nearshore 
shale outcrop. Kurtosis values along the eastern bay coast are in 
general only slightly higher than those of a normal distribution, and 
there is’ some evidence of zonation paralleling the shoreline. There 
is a patch with values less than 1.00 northwest of the nearshore shale 
outcrop, one shoreward of it which extends a short distance upcoast, 
and another north and east of Point Pinos. 

The entire offshore area has exceptionally large kurtosis values, 
indicative of sediment containing an extremely large variety of particle 
sizes in the tails. The main areas of 8 values greater than 1.00 
extend from the 10-fathom curve off of Fort Ord to sea, and southwest 
around the lower bay and along the coast of the peninsula. Anomalously 
high values (maximum of 3.28) occur around the nearshore shale outcropping, 
and the outer harbor and extreme south bay also show very platykurtic 
(flat) distributions. 

In general, the kurtosis patterns are roughly similar to those 
of the other parameters, indicating a differentiation of environments 


to the east and west of a line joining the shale outcrops. The patterns 
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are spotty, particularly in the nearshore, but do show fairly good 
continuity within the delineated regions. This parameter can be 
diagnostic of anomalous areas of deposition, and the values near the 
shale outcrops are particularly relevant in indicating the wide 
variety of sediment sizes, from mud to chunks of rock, typical of 


this area. 


b. Beaches 

The majority of the beach sands have fairly low kurtosis 
values; perhaps half of the samples are iaptokurtic. A 3,000-yard 
long strip of beach centered a similar distance north of trac Fort Ord 
border, and the previously feted 500-yard iat strip located 700 yards 
south of it, show extremely low kurtosis values. On the northern 
beaches the ML sample has in general, a wider spread of the tails+ 
than the in-water samples. In the south this trend is apparently 
reversed, though there are many exceptions. Very platykurtic samples, 
with values of 8 greater than 1.00, occurred in one in-water sample 
in the extreme southern end of the bay, and in two MWL samples about 
1,000 yards north and south of the Fort Ord border. 

The dune sands generally have values of kurtosis similar to 
those of the active beaches, with a great deal of longshore variation. 
About half of the dune samples are leptokurtic, with values as low as 
0.36. Two dune samples, one near policre'e Lake and the other about 
1,000 yards inside Fort Ord, had values greater than 1.0. The northern 


dune field shows slightly larger average kurtosis values than the 


southern dunes, but both have a similar range. 





6. Additional Seafloor Characteristics 
a. Offshore 
The southern Monterey Bay area can be roughly divided into 

three sub-areas on the basis of sediment color, shell content, and 
amount’ of heavy minerals. - Anomalous regions occur within each of these 
areas and around the rock exposures, but do not mask the basic simi- 
larities within and differences between the regimes. 

| The sediments along the Monterey Peninsula, southwest of a line 
joining the two shale outcrops, have a very high shell content, 
particularly in size fractions larger than 2 o. These samples are 
greyish white in color in depths shallower than 20 fathoms, and become 
darker grey with increasing distance from shore. Kelp beds extend 
along the entire coast northwest of the breakwater in depths up to 50 
feet, and continuous fathograms of the nearshore zone indicate an 
extremely rugged bottom. These sands are predominantly subangular and = 
poorly polished. They contain only very small amounts of heavy minerals, 
almost’.all of which are in sizes smaller than 2 9. There is little 
material in the fine fraction; most of that noted during aha tysie con- 
sisted of ground up shell fragments. West of approximately 121° 55! 
West, in the region shallower than 30 fathoms, the bottom is almost 
entirely covered by shel] material, much of which is calcareously 
cemented polychaete tubes. In deeper water the sand is greyish-brown, 
still contains much fragmented shell, and. grades into typically off- 
shore grey-green muds at about 45 fathoms. The sands along this coast 
show much local variability, indicating that there has been little inter- 
mixing among the locally and recently derived sands. Scuba dives in 
this area inside of the 10-fathom line revealed the presence of extensive 


granitic exposures’ with sand pockets in the depressions. 


56 








Northeast of the shale outcroppings, and at depths decreasing 
from 30 fathoms in the south to about 15 fathoms off Fort Ord, the sands 
are yellowish brown in color, subrounded, and fairly well polished. The 
depth zonation of the textural patterns is considered to be indicative 
of both longshore transport and depth gradation. These sands have a 
fairly low organic and shell content and most size classes appear to 
have a similar mineralogical composition. Heavy minerals occur primarily 
in the fraction smaller than 3 $¢, although micaceous flakes are common 
in sizes up to 1.5 o. The sand dollar bed is characterized by greyish 
~ sands with a much higher percentage of mica and other heavy minerals 
than the surrounding areas. These sands are poorly polished and do not 
in general exhibit the iron-stained color otherwise characteristic of 
this entire region. This belt contains very little material coarser 
than 1 ¢. The sand dollars in the bed are numerous and densely packed; 
it was’ not uncommon to obtain 8 to 10: of them, and no sand, .in a grab. 
Along most of this length of beach the bed commences immediately outside 
the surf zone, which in the Fort Ord area is wider and more turbulent 
than. to either the north or south. 

The zone of coarse material outside the sand: dollar bed may not 
be continuous. There are at least two well-defined patches of very 
coarse sands on the 10-fathom curve, one about 1,000 yards inside of 
Fort Ord and the other directly off Stilwell] Hall. Sample 160, from 
the more southerly patch, was examined in detail. This very coarse 
sample contained rounded, highly polished sediment, primarily quartzitic 
but with much jasper, chalcedony, and metamorphic sediment. It also 
contained-increasingly ocr percentages of mica with decreasing size 


fractions smaller than 2 ¢. Yellow sands comparable in mean size to 
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those in the sand dollar bed continue seaward around the coarse 
patches. The lobe of medium sand in depths to 25 fathoms just south- 
west of the Fort Ord border (Figure 7) is similar in color and composi- 
tion to the clean yellow sands near the beach. 

The third major regime includes the offshore, dark grey-green 
very fine sands and muds. These samples are generally sticky and 
charged with sulfide-producing bacteria. The muds become darker with 
increasing depth and sulfide content (Galliher, 1932). This type of 
sediment occurs outside the 25-fathom contour in the east, but does 
not extend shallower than 30 fathoms in the west and south. The 
majority of samples from this area contained living benthic organisms, 
primarily polychaetes and brittle stars. Two cores taken approximately 
three miles north of Station P3 indicated a thoroughly mixed sediment 
with no layering to a depth of at least 26 inches (core length). A 
marked break in the nature of offshore sediments occurs about 1 mile 
north of Station P3. In this area the percent of sand-sized particles 
in the samples decreased from over 65% to under 7% in a lateral off- 
shore distance of half a mile. This appears to represent the seaward 
limit of sand-sized sediments in the southern bay, and occurs in a 
depth of approximately 250 feet. 

The nearshore shale outcrop was examined in some detail during 
scuba dives.’ The shoreward portion outcrops beyond clean, medium sand 
in about 25 to 30 feet of water. Dives at different times of the year ‘ni 
have indicated that the depth at the nearshore edge varies from about 
17 to 25 feet, with some sand lapping over the shale in places for an 


additional 5 feet of depth. The shale layers dip to the northwest at 


an average angle of 2 to 3 degrees. They support a kelp bed to depths 





of 50 feet, and are ledged and pitted by the action of burrowing 
clams, sea urchins, and other benthic organisms. The dive at Station 
280 revealed’ that’ the offshore portions of the shale outcrop are at 
least partially covered by unconsolidated material. Within a 50-yard 
radius this dive located areas of bottom characterized by flat mud 
patches, medium-sized sand with 1.5 foot long, 3 inch high ripples 
with rounded 5 to 6 cm shale cobbles in the troughs, and angular chunks 
of broken Monterey shale, as well as solid rock exposures. This same 
diversity in a small area was also noted at the extreme westward edge 
of the outcrop, near Stations 42 and 43. Organic detritus (leaves, 
wood, shell) was obtained in many of the grabs on this outcrop. The 
presence of decaying organic material is considered to be indicative 
of an essentially non-depositional environment and slow currents. It 
is noted that Galliher in 1932 reported exposed rock material, though 
in lesser extent than herein noted, at both of the areas specified by 
this study. The fact that the material of these outcrops is shale 
places the contact plane of the shale and granodiorite very near the 
present Peninsula shoreline. 

Between the shallower shale outcrop and the harbor, bottom 
materials are similar in appearance to offshore sediments, ji.e., 
dark grey and muddy. Army Corps of Engineers probings have indicated 
that the sands in this area are generally only 2 to 3 feet thick and 
are underlain by shale. The organic detritus and rock fragments of 
these sediments are very high. Dives in and around the harbor 
revealed a muddy bottom with little indication of sediment motion, 
plus much litter and detritus. Longshore sand transport and currents 


which might otherwise occur past the harbor area have been precluded 
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by the Coast Guard breakwater on the northwest and wooden bulkhead 
on the southeast. ‘The harbormaster (verbal communication) has 
described a case of rapid local scour of the sediments to bedrock 

in an area in which a portion of the pier siding was carried away 
during a storm. A similar scour has been noted in the channel to 
the marina in the inner harbor, between Fisherman's Wharf and the 
extension to Wharf No. 2. This is apparently a tidal scour. Inside 


the marina the surface sediments are as muddy as those in 40 fathoms. 


b. Beaches 

The most noticeable longshore variation on the beaches is 
the decrease of mean sand size and of average dune height from the 
north to the south. Beaches are also considerable steeper in the 
north, due primarily to the heavier normal wave conditions and coarser 
sand. All of the beaches respond rapidly to variations in wave prop- 
erties, and marked changes in both profile and sand character occur 
diurnally as well as seasonally. The entire beach is littered with 
kelp and flotsam. 

| Only to the south of Stations 99 to 101 are any sediments 

larger than sand sizes found on the inner bay beaches. This Section 
is located immediately south of a concrete-rubble seawall, about 500 
yards south of the area of rapid dune size increase. The entire area 
of beach from this point to the harbor is littered with material in 
the granule and cobble sizes. While these particles are concentrated © 
on the surface along the high water line, they are also found buried ; . 
throughout the area of active beach and the surf zone. Most of these 
particles are well-rounded Monterey shale fragments which show evidence 


of much abrasion, boring organism, and surf action. There are also 
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some fairly well-rounded pieces of granodiorite and of metamorphic 
rocks. These occur in much smaller quantities than’the shale pieces, 
and fragments of granodiorite are infrequent. Not a single particle 
of natural origin coarser than sand was found anywhere north of the 
seawall. Inspection of the seawall’ material, plus its recent date 
of construction, indicates that the pebbles and cobbles are not 
derived from it, except perhaps for some of those in its immediate 


vicinity. 





Beach sands are yellow-brown and typically ironstained in the 
north, where grain sizes are large and the trafficability is poor. 
The sands at the harbor end of the bay are greyer and quite firmly 
packed. Only very small percentages of heavy minerals were noted in 
any of the-beach sands, with the exception of a fair amount of biotite 
in the’ sands’ south of the section at Samples 99 to 10]. The most 
noticeable change in’ beach-sand characteristics occurs in a 500-yard 
strip centered around Samples 84 to 86. This area appears to comprise 
the zone of transition between coarse and fine beach sands as well as 


the zone where the major dune field starts. 


D. CORRELATION OF PARAMETERS 

Interrelationships between parameters were sought objectively 
by computer: and subjectively by comparison of patterns on contour 
charts. The’ stontficente of various interrelations has been discussed 
by numerous’ investigators both theoretically and in’ application to 
specific’ environments (e.g., Inman, 1953; Sundborg, 1956; and Hails, 


1967). ‘Eight: of the most commonly discerned correlations were investi- 


gated in’ this. study. 





1. Scatter Plots (Appendix F and Figures 16 and 17) 

The plots of mean versus deviation emphasize the relatively 
narrow limits within which most sorting values fell. No definite 
relationships between these two parameters were found for any group of 
samples tested, although a slight and very inconclusive minimum value 
of deviation occurred near a mean diameter of 3 >. Beach samples show 
a slightly larger average deviation value than do the underwater 
samples; this is also a very tentative conclusion and not statistically 
significant. A similar overall lack of correlation occurred between 
mean and both Ist and 2nd skewness. There does appear to be a tendency 
toward more positive Ist skewness with decreasing size at mean values 
smaller than 2 6. Second skewness does not show this relationship with 
values of mean, but has as many negative as positive values in all 
grain size classes. 

A definite tendency for increasing kurtosis values with 
decreasing mean diameter was noted. Plots of these parameters are 
included as Figures 16 and 17. This relationship appears most strongly 
in finer grain sizes, and does not appear to exist for beach samples of 
mean diameter larger than about 1 @. The general trend can best be 
explained for this suite of samples by the presence of some material 
in the coarse sizes in all samples, with an increasing percentage of 
fine materials and inclusion of silts and clays in the fine samples. 

In addition, the extremely fine samples with very high kurtosis values 
were commonly found in anomalous regions, where significant amounts of 
broken rock were found in very fine muds. The scatter plot by depth 


of samples collected upcoast’ from the shale outcrops indicates that 


all depth intervals show a similar trend of increasing kurtosis with 
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decreasing mean size. This relationship is least well developed in 
the 10 to 20 fathom interval. 
The additional plots (Appendix F) indicated that there was 


Virtually no relationship between’ deviation and 1st skewness; kurtosis 


_and first* skewness’ likewise showed no apparent correlation, although 


the plot of°water samples by depth suggested that samples with sym- 
metrical’ values of second skewness also have minimum kurtosis values 
This association is insufficiently shown to permit any conclusions to 
be drawn, 

First versus second skewness plots showed a much poorer rela- 
tionship than had been anticipated. While the.general trend indicated 
that positive and negative lst skewness values were associated with 
positive and’ negative 2nd skewness, respectively, a significant number 
of samples showed the tails and centers of their distributions to be 
oppositely skewed. ~This"most frequently occurred in nearly symmetrical 
samples. A large number of both beach sands and offshore sediments 
from inside the 10-fathom contour showed this trait, which would indi- 
cate the presence in the sample of a few anomalously coarse grains and 
very: few fines, with the bulk of the sample being finer than the mean 
value. Such’a’distribution could indicate either locally derived 
material having a’ preferred grain size determined by the size of 
resistant minerals’ in the source rock, or a lag deposit of a very few 
large grains in an area of active transport and sorting. Examination 
of the charts indicates that the second interpretation is more likely 
to be correct in this’ suite, as the’ majority of the offshore samples 
occur’ in the sand dollar bed. The small absolute skewness values asso- 
ciated with’ the samples involved indicates that the validity of this 


conclusion is’ dubious. 
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There is an overall lack of correlation among all samples 
and parameters. This may be indicative of the presence of more than 
one depositional, or non-depositional, environment in the area. 
Relationships typical of previously studied and reported environments 
were lacking, so that a potential conclusion is that there is a 
complex pattern of transportation, diffusion, deposition, and scour 
in the southern bay. Correlations unfortunately became no clearer 
when the beach samples and the anomalous regions along the Peninsula 
and near the rock outcroppings were excluded from consideration, and 
when correlation was attempted by depth interval. This would seem 
to indicate that even the basically sandy and open area of the bay, 
which shows a zonal banded pattern of sediment characteristics that are 
parallel to the coast, is locally complex and that patterns of 
parameters in key areas of the coastline may be more indicative of 
geomorphological controls in the southern bay than are the general =, 


overal] trends. 


2. Subjective Comparison 


Even though there are no general parametric interrelationships 
which exist throughout the area, similarity of patterns of several 
parameters in localized areas can lead to identification of regions 
of environmental similarity. The analysis of values within these 
areas can, when supplemented by adequate subjective knowledge of the 
region, indicate the nature of transportation and deposition within 
the suite of samples. Areas most easily identifiable and frequently ; .- 


most diagnostic are those which show anomalous values for most or 


all of the parameters. 
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The most readily apparent examples of this are two pocket 
beaches on the Peninsula, centered 900 and 2,400 yards northwest of 
the harbor breakwater. The northern has medium sand and the southern 
very fine sand offshore. Both show poor sorting with a leptokurtic 
distribution, indicating that the sediment is composed of a large 
range of sizes but that each size class present is well represented. 
Both areas also show central (1st) skewness toward the coarser sizes 
in an area otherwise characterized by skewness toward fines; the 
poorly represented tails show a variety of skewness values, ranging 
from slightly positive to very negative. The remainder of the area 
immediately offshore from the Peninsula is characterized by material 
in a size range between that of the two beaches. The overall area 
also shows better sorting and poorer kurtosis (i.e., a greater number 
of the sizes present comprise a smaller portion of the total sample). 
Both central and tail skewness of the general area are toward the 
fines. ‘These contrasting characteristics between areas offshore 
from pocket beaches and the remainder of the Peninsula nearshore are 
indicative of sediments formed locally by shoreline and bottom 
erosion, and of offshore motion with little longshore transport. 

The similarity of characteristics along the majority of the 
Peninsula indicates a slight southeastward movement of fine material 
in water deeper’ than about 20 fathoms. 

The sand-dollar bed and the patches of coarse material 
offshore from it are reflected in the patterns of all the parameters. 
The surf action is extremely heavy along the Fort Ord beaches, and 
possibly the best explanation for the anomalous zonation is that the 


presence of the densely packed sand dollars has a strong effect on 
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the hydromorphological characteristics of the nearshore area. 

Specifically, alignment of the living sand dollars which protrude 

vertically out of the sand, plus their mean spacing, may determine 

that particles in the fine sand range are most hydrodynamical ly 3 ol 
stable. Fine sands thus remain in place while both coarser and 
finer materials are transported seaward and towards the steep, 

narrow beaches. Coarse, hiahly polished beach material might easily 
be transported across this zone by the numerous and strong rip cells 
which are characteristic of the area. The coarse material which 
accumulated outside of the sand dollar bed could be kept free of 
fines by the turbulent water motions outside the surf zone. It is 
possible that the coarse patches represent recent sediments, although 
their proximity to the active beach, roundness and high polish of 

the grains, and mineralogical similarity to the remainder of the 
beach sands argue in favor of a recent origin. 

Immediately south of the sand dollar bed is the area where 
dune heiaht and extent change most rapidly and where the beach sands 
show their rapid size changes, poorest sorting, and most negative 
skewness. It is also in this area that the lobe of medium-sized 
sand extends to sea. While the correlation between parameters in 
this area is far from perfect (figures 7, 9, and 13), there is some 
indication that this area is a nodal zone, or at least a transitional 
reaion between depositional environments. The patterns in the area 
show two opposing trends of sediment transport: alongshore and on- 
offshore. The alongshore trend is well exemplified by the extension An 
of fair sorting and nearly symmetrical tails as well as small kurtosis 


values (indicative of a narrow total range of sizes and a uniform 
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‘mass of sedtment) in the down coast direction, from northeast to 
southwest. In the onshore-offshore direction, the sediments in the 
medium sand class extend seaward from the beach, and sorting improves 
from very poor near the beach to good in about 20 fathoms. The Ist 
skewness of the offshore samples in this region is very slightly 
toward the coarse, although Figure 10 shows that these samples are 
nearly symmetrical. Nearshore samples, however, are quite negatively 
skewed, indicating that the coarsest material does not participate 

in the general offshore movement. 

Sorting worsens considerably in this area outside of 20 
fathoms, and becomes very poor northwest of the lobe of medium sands. 
Decreasing skewness, the increasing and then decreasing degree of 
sorting, and the uniformity of mean size characteristics to seaward 
within the lobe combine to indicate an offshore direction of trans- 
port. Material thus appears’ to be brought into the area from the 
north, and some downcoast transport appears to occur in water depths 
as great as 20 fathoms. The degree of sorting decreases rapidly 
beyond this depth and in the area between the shale outcrops, 
probably due to decreased water motion and increased depth, with 
the consequent settling out of fines. The increasing amount of fine 
material with depth in this region is indicated by both skewness and 
mean diameter patterns. The platykurtic, well to fairly sorted, 
negatively skewed finger of fine sands extending northeast from the 
nearshore shale outcropping, is an indication that transport into 
this region also occurs from the south. Offshore motion in a 
relatively narrow area appears to remove any excess material into 


deeper water. 
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The shale outcrops are located northwest and southwest of 
the confluence and offshore transport area (Figure 7). Exposed rock 
and associated kelp growths are common in rocky nearshore areas along 
the California coastline, where current and wave scour keep the exnosures - 7 
uncovered. The granodiorite exposures offshore from the Peninsula 
are of this type. The shale exposures, however, are more indicative 
of lack of sediment supply and deposition than of scour. Both are 
located within the wave shadow of the Peninsula in areas of fairly 
fine sediments, and the nearshore exposure is pitted with both 
occupied and vacant holes of clams and urchins. The sediment pat- 
terns and visual evidence from scuba dives would indicate that the 
minor amounts of material which may be deposited on the outcrops are 
soon removed, and that longshore transport and lack of sediment 
supply are the primary reasons for the continued exposure. The 
depth of the offshore shale outcrop and the surrounding fine sands _ : 
would indicate that lack of sediment supply is the predominant reason 
for its existence. 

The area in and near the harbor is basically characterized 
by fine and very fine sands and muds which are very positively 
skewed and fairly poorly to poorly sorted. Probings by the Army 
Corps of Engineers have shown that the sediment layer in this area 
is thin. The shallow and muddy nature of the material indicate 
that most deposition is by the settling of fines in quiet water 
rather than by active transport of bottom material. There is 
apparently barely sufficient water motion over the shale bed to 


prevent settling of the fines onto it, and to insure their transport 


into shallower water in the sheltered end of the bay. 





While sampling was not continued to the west and south of 
Point Pinos, the presence of fairly poorly: sorted, positively skewed, 
fine and medium sands north of the Point indicates the possibility 
of some transport around it in depths of 30 to 50 fathoms (Trask, 
1955). The remainder of the offshore area is covered with sticky 


muds’ which are well mixed by benthic organisms and contain a fairly 





high percentage of fine sand sizes. The gradation into muds with 
negligible amounts of sand sized material a mile seaward of the 
investigated region, and the proximity of the Monterey Submarine 
Canyon and the consequently narrow shelf, lead this writer to discard 
Shepard's (1963) suggestion of an offshore source of sands for the 
southern ‘bay region. 

Textural parameter patterns along the beaches of the inner 
bay indicate a southwestward decrease of sediment size and a nodal 
point’ in transportation about 700 yards south of the southern Fort 
Ord border. With the exception of the general decrease in size of 
the southern beach sands toward the harbor, parameters showed a 
greater variation between adjacent samples than in any general 
direction. There is some’ evidence (Sayles, 1966) that prior to 
the construction of the breakwater and the wharf bulkhead, granodio- 
ritic sands exerted an influence on the area to the east of the 
harbor; or at’ least that unrestricted flow through the presently 
blockaded area caused slightly different patterns of sediment 
transport along the beaches. 

Dune’ sands‘ may be similarly divided into northern and southern 
types, the dividing point being located at approximately the same 


location as on the beaches. The northern dunes are much larger, 
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dustier, and more consolidated than the southern ones, and show a 

much greater departure from the character of their adjoining beaches. 
While both dune fields are active, the high seacliffs along and rs, 
just south of Fort Ord are apparently composed of somewhat more 


ancient material’ than the southern dunes. 


E. CONCLUSIONS 
Based on this analysis of sediment patterns and parameters, 
and with the reinforcement of the reconnaissance heavy mineral studies 
referenced earlier, the following tentative conclusions may be reached 
regarding sediment transportation mechanisms and directions. 
As discerned solely from this method of analysis, patterns 
are diagramatically shown in Figure 18. Evidence which tends to 
verify these conclusions is presented in later sections. x 
1. The southern bay sediments may be classified into five ee 
district subregions on the basis of depositional environment: 
a. The Peninsular region of granodioritic sands and shell 
fragments, characterized by locally derived sediments and very little 
active transportation or deposition. 
‘b. The sandy east coast region, characterized by predominantly 
southward longshore transport with heavy wave action and much near- 
shore sediment diffusion. 
c. The essentially non-depositional region in the southern 
end of the bay, with slow water movements and anomalous patterns of 
bottom type. This region extends northwest from the nearshore shale = 


exposure, and lies just seaward of the shale-granodiorite contact. 
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d. The confluence region or nodal area northeast of the 
nearshore shale outcrop, characterized by the convergence of long- 
shore transport from both north and south and by some offshore 
movement. 

e. The offshore region, characterized by grey-green muddy 


sands and silts, with little active sediment movement. 


2. A southward longshore current, caused primarily by wave 
action, normally flows along the eastern bay shore. This current 
does not continue into the lower end of the bay, but turns seaward 
just south of the-Fort Ord border where it is met by a weak cyclonic 
gyre which predominates along the Peninsula and in the southern bay. 

3. Wave action and rip cells strongly influence local sediment 
distribution along the eastern shore, and the sand dollars exert an 
important stabilizing control on fine sands in the Fort Ord area. 

4, Beaches’ show constant mineralogical composition along the 
entire eastern shore with decreasing sediment motion and sizes 
toward the south. Dunes are larger and older in the northern portion 
of the area, and contain material in size ranges satisfactory for 


replenishment of the bulk of the beach sands. 
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IIIT. SEASONAL VARIATIONS 


A. DATA COLLECTION AND ANALYSIS 
This section of the thesis is not intended to be a detailed study 

of the causes and nature of variability. It is designed to provide a 
quick look at some of the longer period fluctuations of beach charac- 
teristics so that they can be distinguished from net long-term 
modifications. Seasonal changes can provide clues to the nature and 
relative magnitude of morphological forces, with particular respect 
to longshore transport. 

Subjective appraisals of the changing conditions through a 
yearly cycle were obtained from sand companies and from long-time 
* : residents of the area. Quantitative data were available in the form 
of time series beach sand samples from two locations. No precise 
information was available on variations in the offshore area, though 
dives and scattered reports have indicated significant sediment move- 
ment during winter storms in depths as great as 100 feet. 

The northern set of samples was taken by Mr. J. P. Barbier 
at the Lapis Plant of Pacific Cement and Aggregates (P.C.A., a 
division of the Lone Star Cement Corporation). This plant is located 
along an open section of coast approximately 4,700 yards south of 
the Salinas River mouth (Figure 2). Beach sands in this area are 
generally coarse. Samples were taken by hand just shoreward of the 
7 waterline at a depth of approximately 10 inches below the beach 
surface. The state of the surf and tide were noted and most of the 
Samples were taken at the same time of day. Samples were size 


analyzed by P.C.A. in a stack of 10 sieves from -1.75 $ to 2.75 9. 
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Two time series of samples were available, one from 26 January to 
11 July 1962, and the second from 17 November 1964 to 7 June 1965. 

The southern sample set was taken at the Prattco Plant of 
P.C.A. (Figure 2). It extends from 5 May 1966 through 26 July 1968. 
The Prattco Plant is located about 300 yards south of the southern 
Fort Ord border; the dragline scraper is just north of Station 72, 
in the area of extremely coarse sands. These samples were obtained 
from the conveyor belt which runs from the beach to the processing 
plant, and thus consist of material removed from the surf zone by 
the dragline scraper. They were size analyzed by P.C.A. in a stack 
of 6 sieves from -1.25 » to 4.25 9. 

Phi parameters were obtained from cumulative weight and 
percent values by the same method that was used for the quasi- 
Synoptic sample set, and were plotted as time series. A modified 
and compressed set of the time series plots which were used for 
analysis is presented as Figures 19 through 22. A total of 319 
samples were available; 173 from Prattco, 99 from Lapis for 1964- 
1965, and 47 from Lapis for 1962. A summary of phi percentile and 
parameter values for these samples is included as Appendix G in the 
belief that they may be extremely valuable for use by others in more 
detailed time-variation analyses. Gaps of over two weeks between 


samples are noted on the graphs by dotted lines. 


B. QUALITATIVE REPORTS 

The beaches follow the typical yearly cycle of summer fill and ; . 
winter cut commonly observed on the Pacific Coast (e.g., Bascom, 
1954). Beach profiles are steeper during the winter months of high 


surf and a multiplicity of wave trains than during the summer swell 
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period. On this annual variation is superimposed an extremely rapid 
diurnal response to wave conditions (Koehr and Rohrbough, 1964; 
Harlett, 1967). This short-term response can be of larger magnitude 
than the total yearly variation. Short-term changes have been studied 
in detail only in the southern portions of the bay, but are reported 
to occur along the entire beach. Berms ordinarily disappear entirely 
in the winter on most of the Fort Ord beaches, and seawalls have been 
erected at several locations to prevent additional winter erosion. 
Infrequent severe winter storms exert perhaps the largest erosive 
forces in the area, and, historically, several have been of sufficient 
magnitude to cause major cutting of the seacliffs and to significantly 
modify the equilibrium profile of the beaches (Bixby, 1962). 

The major seasonal change that has been noted by the sand 
companies is a significant decrease both in mean sand sizes and in 
overall availability of coarse material during the summer months. 

Tn winter a combination of beach and the finer dune sands (about 50 
percent of each) is used to meet size specifications for concrete 
sands. In the summer months, beach sand alone can often be used and 
it is frequently too fine for concrete, even when uncut. The period 
of fine sand has been stated to last from about July through September. 
It purportedly commences a few weeks earlier and ends somewhat later 
at the more southerly mining locations than at the operations 
adjacent to the southern Fort Ord border and in Marina. The locations 
north of Fort Ord do not show the same magnitude of yearly change as 
do those to the south. Two of the three companies south of Fort Ord 
have reported digging entirely through the unconsolidated surface 


sediment and hitting a muddy, reddish hardpan during summer months; 
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in most years, dragline operations must be suspended for at least a 
few weeks during July and August. 

The same hardpan as has been struck by the mining operations 
was exposed on the Naval Postgraduate School beach by severe storm 
waves in December 1967. This beach is located about a mile north- 
east of the harbor. The hardpan was noted to be dark reddish-brown 
in color, and to contain material ranging in size from clay through 
medium sand (a detailed size analysis was not run). This storm also 
eroded the low dunes (10 to 30 feet high) behind the beach for a 
distance inland of about 15 to 20 feet. It is notable that while 
erosion in the southern part of the bay due to this storm was 
considered extremely large for the area, and much storm damage was 
done along the Peninsula, little seacliff erosion occurred along et 
the beaches further north in the area of the major dune fields. 

Sand company personnel have indicated that the last storm which — = 
caused significant erosion along their beaches occurred in 1961. 

A scuba dive on the Navy beach immediately after the December 
1967 storm revealed that the shale outcropping described in Section 
II commenced at a depth of 17 feet. This was considered remarkable 
in light of the immense volumes of sand which had been added to 
the beach by erosion, and the fact that the entire active beach 
adjacent to the outcrop had been removed by the waves. The exposed 
portion of the shale bed continued seaward at least to a depth of 
35 feet. Although small amounts of sand were present in the sea 
urchin and clam holes, there was no evidence of the massive amounts 


of material which had been removed from the beaches. The beaches 


began to fill soon after the storm, and were almost back to their 





normal levels by March. Unfortunately, the movement of this sand 
was not traced so it is not known for certain if the sink for the 
eroded sand also acted as a source for the fill. Size analysis of 
this beach prior to and after the storm indicated that the old and 
new sands were in the same size class. 

The operators of P.C.A.'s Prattco plant (Mr. T. Roberts and 
Mr. F. Dimaggio), which is located in the area of the coarsest sand 
noted during the quasi-synoptic survey, have indicated that the 
normal seasonal variations of their beach have become less predictable 
in recent years. For the past two or three years, while material is 
still finer than normal from July through September, anomalous condi- 
tions of fine material occur at other times of the year, and 
temporarily coarse sands have occasionally appeared during the summer 
months. They also stated that the sand usually becomes fine for a 
few days immediately after major winter storms, and then returns to 
its normal coarseness. A similar condition of fine followed by 
coarse sands was noted at the Marine mining locations with reference 
to periods immediately after opening of the mouth of the Salinas River. 

The high dune area located a thousand yards south of the Fort 
Ord border was used as a dump by the city of Monterey until approxi- 
mately 1952. Since this time, seacliff erosion has caused a 
considerable amount of glass and other detritus to be placed on the 
active beach. This material is dragged from the surf zone by sand 
companies both north and south of the dump.’ The Prattco operators 
indicated that they got more of this material when the sand was 
coarse than when it was fine, although some is obtained in the bucket 


throughout the year. Seaweed, particularly ground-up sea lettuce 
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(Ulva linza) creates a serious problem by clogging scalping screens 
during some portions of the year. This problem usually occurs when 
the beach sands are fine. Large amounts of Macrocystis and 
Nereocystis are received on the beaches after severe storms. The 
operators also stated that when the Prattco dragline is operating 
24 hours a day, very little coarse sand is obtained by the two 
companies situated 900 yards to the south, regardless of beach 
conditions at the time. 

The general seasonal trends indicated during all interviews 
with sand company personnel include a significant decrease in 
available amounts of coarse-sized sand during the summer months, and 
the normal longshore decrease in the mean size from north to south. 
It may be significant that the mining companies south of Fort Ord 
are all located in the area in or immediately north of the transi- 
tion zone noted during the area survey. Sand mining operations have —. 
been located in this area for over 60 years. The recent decrease of 
predictability of sand sizes by experienced operators may be an 
indication of altered patterns of longshore motion. It has been 
suggested that the addition of the bulkhead to Wharf No. 2 in the harbor 
(completed in 1961), and the possible consequent minor alteration 
in water flow in the southern bay, could have a slow, long-term 
effect on sediment transport that has only recently begun to be 
noticeable. The reported patterns of occurrence of detritus from 2. 
the eroding dump and from offshore, and longshore changes in the . 
availability of coarse sands, indicate that shifting and dispersion 


of sand on the beaches and in the nearshore area may be as important 


as uni-directional transport in determining local volumetric and 








and coarse-sized sand availability. The recent storm cut and fill 
of the Navy beach presents some evidence that sand transport occurs 
in both upcoast and downcoast directions on most of the beaches, 
and that the direction of transport is highly dependent on wave 


conditions. 


C. TIME SERIES 
1. Lapis Samples (Figures 19 and 20) 

These samples were taken above the high water line at a depth 
of 10 inches. They may therefore be considered representative of the 
material in active motion during the previous period of high tide. 
The two series, 1962 and 1964-1965, show somewhat different short- 
term patterns, but a similar seasonal trend. The characteristics 

— most immediately discernable from examination of the time series 
charts are that day to day or weekly variations are comparable in 
magnitude to the entire yearly range, and that all parameters vary 
within fairly narrow limits. The mean and median sizes, for example, 
all fall in the very coarse and coarse sand classes. Almost all 
sorting values lie between o = 0.5 and o = 1.0 (fairly poor sorting); 
most samples are fairly positively skewed, with second skewness values 
larger than those of Ist skewness. This latter characteristic may be 
due both to the non-normality of 2nd skewness and to the presence of 
comparatively long tails in the distributions. 

as The general pattern of both years' series is that of very 

io Slightly decreasing mean size from winter through spring. Unfortu- 


nately, both series stop at the beginning of summer when the size 





change is reported to occur. The few early summer samples do indicate 


a possible falloff in size but do not show sizes smaller than those 
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of November and early December, 1964. The mean (or median) and skew- 
ness values show opposing patterns of change, coarser samples being 
skewed toward the fines, finer samples toward the coarse. This does 
not hold for all samples but is related to the periodic peaks in the 
time series, and there are exceptions even to this limited statement. 
For example, in the 1964-1965 series, of the two peaks of coarse 
material near the end of March, the first shows very positive skew- 
ness, the second slightly negative skewness. In general, 1st and 

2nd skewness have similar signs; a few exceptions were noted in 
nearly symmetrical samples. Kurtosis and deviation show opposing 
trends, although both have a narrow range of values. The opposing 
variations can probably be accounted for by the definition of 
kurtosis, which involves the value of deviation, so that nearly 
normal samples will show a direct dependency (inverse proportionality) 
between these two parameters. 

Several interesting correlations appeared when time lags were 
imposed upon the series. The most prominent example is a 6-day lag 
of variations of mean size behind those of skewness, and a similar 
6-day lag of kurtosis behind mean, in the 1962 samples. This type 
of pattern indicates an influx of an increasingly coarse (or 
decreasingly fine) tail, followed by an increasingly coarse mean 
size, followed next by a greater spread of the tails of the distribu- 
tion, at 6-day intervals. Such a pattern would indicate periodic 
influxes of coarse and fine sands with a 12 or 13 day periodicity. 
Unfortunately, this pattern was not nearly so well shown in the 1964- 


1965 samples, and insufficient time was available to perform detailed 


analyses for this type of correlation. The fluctuations of mean size 





generally followed Mr. Barbier's qualitative observations of sea 
conditions, coarser sands corresponding to’rougher seas. Detailed 
correlation was not attempted, but there is apparently a definite 
size change which occurs in response to wave conditions on this beach 
as on the southern beaches. 

One pattern believed to be of significance was the variation 
of textural parameters in relation to periods when the Salinas River 
mouth was open to the sea. The mouth was open (controlled by the 
Monterey County Flood Control District) and samples were being taken 
from 12 February through approximately 20 March 1962, and from 18 
January through 7 April, and 14 April to about 10 May 1965. 

Mr. Barbier, who took the sand samples at Lapis, commented on the 
appearance of a wide, muddy swash extending seaward from the river 
mouth for several days after it is first opened. The effect of this 
input of fines is apparent on the time series plots by a decrease in 
mean sand sizes which lasts for a few days after the initial break- 
through. This was shown in all three instances for which records 
were available. The beach material then becomes coarser, and 
generally remains coarse during the rest of the time that the river 


is open. Apparently the initial flush clears the ponded Salinas 





River mouth of a summer's accumulation of settled fines. The volume 
of this material is considerably larger than that in the bar, which 
is washed out for a width of 20 to 150 feet. 

A comparison of the two time series (Figures 19 and 20) shows 
that the sands of 1962 were somewhat finer, with about the same 
degree of sorting but more positive skewness, than those of the same 


dates in 1964-1965. The closest agreement between the two years 
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occurred when the river was open in both cases; the worst when the 
river was open in 1964-1965 (coarse material) but closed in 1962 
(finer material). Differences were particularly pronounced in March 
and April, when the 1964-1965 samples were approximately a full phi Ae 
size coarser than the 1962 samples. Differences in other parameters 
are not nearly so pronounced. The beach sands of the two years 

appear to approach similar dynamic states as indicated by nearly 

identical parameters with the onset of summer conditions. While 

the presence of the open river presently appears to be the most 

important factor in causing the differences between years, further 

analysis would be required to consider in detail the effects of 


yearly variations in wind and waves. 


2. Prattco Samples (Figures 21 and 22) ; * 
These samples were taken from the conveyor belt which 

handles material dragged from the active surf zone. They may 
therefore be considered fairly representative of the surface material 
under dynamic movement by the action of the surf and nearshore 
currents. The plant operators indicated that the dragline bucket 
could be hauled in every 50 seconds to 1 minute in moderate surf, 
and that in this length of time the trough it had created below the 
water line by the previous drag would be nearly filled in. Because 
of the radically different nature of sampling procedures used, the 
Prattco and Lapis samples are not comparable, except perhaps for 
general trends. In addition, distance from the river precludes 
direct comparison of Prattco grain size values with river discharge 
data. These samples are somewhat unrepresentative of the total range 


of sizes present in the area, due to washing of the sands during 
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backwash into the dredge hole and to the fact that mining, and hence 
sampling, was not done on days when the sands were noted to be very 
fine. On the other hand, this sampling method is not subject to 

any personal bias, and does sample the material in dynamic motion 

in the surf zone. 

The overall patterns are very similar to those at Lapis. 
Generally poorly sorted coarse sand is found, having a small overall 
range of sizes and a slight tendency for positive skewness. Diurnal 
variations are at least as large as the overall seasonal changes. 
Very little correlation is noted between any combinations of parame- 
ters, except for the expected similarity in sign of skewness of 
centers and tails of the distribution, and the necessary agreement 
between median and mean. In this set of samples, Ist skewness 
generally has as large a value as 2nd skewness. This indicates that 
the tails of the distribution are cut off and that the » differences 
between the 95th and 84th percentiles, and between the 5th and 16th 
percentiles, are smal]. This feature could be due to the sampling 
procedure, or to the use of such a small number of screens for size 
analysis. 

The seasonal variations’ show a very slight tendency toward a 
minimum mean size in the months of July, August, and September, in 
agreement with the qualitative appraisal. That this is not better 
shown’ is probably due to the lack of dragging during periods of fine 
sand. Deviation shows slightly smaller values during winter and 
spring (November through March) than during summer and fall. Skew- 


ness shows very slightly more positive values in summer, although 


Samples are almost all nearly symmetrical. Kurtosis shows a fairly 
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peaked distribution, with little material in the tails. All of these 
variations of characteristics are quite subdued in this series of 
very similar samples. The conclusion that can be drawn is that in 
spite of variations in the intensity of mining the supply of sand aa 
to this location is quite uniform in nature, and that the response 
of the beach is primarily to present wave conditions. 

It is notable that an immediate response to the storm of 
the first week of December 1967 is shown (Figure 22). The most 
apparent feature is a spike of very positive skewness, indicating 
an input of quite fine material. This spike is followed by skewness 
values slightly toward the coarse as a local maximum in mean size 


occurred around the beginning and middle of January 1968. Unfortu- 





nately, sampling was’ not done around the end of December, so that - 
the complete effect of the storm cannot be determined. The qualita- 
tive report of finer material immediately after the storm, followed 2 
by increasingly coarse material, does appear to be substantiated. 
This could be caused by addition to the beach of eroded material from 
the dunes, with the fine portion of the dune material being winnowed 
out and taken to sea by wave action over a period of a week or two - 
while the beaches were being graded. 

The overall trend of the Prattco textural parameters appears 


to parallel that of the Lapis samples and to agree with subjective 


,%, 


analysis. A more rigorous and detailed long-term sampling program 


at several key locations would be required to verify these initial 


observations. 





D. CONCLUSIONS 

On the basis of both subjective and objective analysis, the 
apparent patterns of sediment size variation are as follows: 

1. The overall seasonal trend is toward the presence of fine 
sands on the beaches from late June through September. The beach 
material becomes coarser with the advent of winter storms. 

2. There is a significantly smaller amount of sand motion in 
the nearshore zone during the summer than during the winter, so that 
mining operations are capable of removing sand faster than it is 
replaced by diffusion during the summer season. 

3. South of Fort Ord the fine sands appear sooner and last 
longer as the distance south of the border increases. The seasonal 
variations are more pronounced in and to the north of the zone of 
marked’ sand transition, than in the area to the south. 

4. Diurnal and other short-term variations are at least of the 
Same order of magnitude as long-term variations. This condition 
exists on all beaches. 

5. There is a definite indication that river outflow and large 
winter storms cause beach material to be finer than normal for a 
short period. This is due to the initial influx of river-borne silts 
and dusty material from the dunes. 

6. There is a less definite indication that after the initial 
period of fines, beach sands become coarser than normal, due to input 


of coarse material by the river and winnowing out of fines by the 


heavy waves associated with the major storms. 





7. The beach sands sampled show rapid fluctuations of the 
textural parameters within fairly narrow ranges. They are generally 
coarse or very coarse, fairly poorly sorted, and very slightly = 
skewed toward the fines. 2 22 
8. The parameters indicate that the body of the beach sands 
fall within a very narrow range of sizes; there are almost no 
exceptionally large grains, but some fine material is always present 
despite the heavy wave action. This could be an indication of 


fairly frequent inputs of fine material from offshore or from the 


dunes. 





F site 


IV. SEDIMENT BUDGET CONSIDERATIONS 
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E a ] The term budget implies a continuity condition; gains and losses 





_must reach an overall balance, or discrepancies must be accounted 

for by progradation or cutting. The previous sections of this study 
have described the present patterns of distribution at one closed 1 
end of the cell, and have attempted to discern the nature of geomor- 
phological forces in this area simply by noting the results of these) 
processes. 

This section considers the means by which sand may be moved 

within, added to, or lost from the cell. The background material 

g“4 and literature for this type of approach are primarily laboratory 

| and theoretical studies of natural transport processes: wind, 

. river transport, littoral drift, etc. There have been very few 
applications of this basic information to produce budgets for 
specific geographical locations. In the few instances where this 
has been done, a concerted effort has been made by the investigators 

. to collect’ a large body of data, over a fairly long time period, and 
of a type specifically designed to provide quantitative values for 


the parameters in the theoretically or laboratory derived formulae. 


Some additional studies have develoned empirical formulae fer the 
~ processes in the specific areas studied. Perhaps the most thorough 


and successful attempt to date to tie all of these factors together 
was the Point Arquello sand budget study by Bowen and Inman (1966). 
This particular study must of necessity adopt a different 


.:” approach. Both key data and time are missing so that a thorough study 
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of each credit and debit to the budget, individually and in detail, 
is not possible. It has instead been necessary to infer the most 
probable areas and forces of importance, and to concentrate on zd 
these. From the results obtained by the initial area survey and aaa 
indicated in the previous sections, estimates of the magnitudes of 
the various forces were made; these estimates were then modified on 
the basis of examination of all available data; finally, improved 
estimates were made on the basis both of continuity and of the data 
analysis. Better known and better documented processes were evaluated 
first, and values arrived at for these were used to assist in 
estimates of the others. 
The_principle of continuity, or balance of inputs and outputs, 
was used in arriving at final values, particularly for the more poorly is 
documented processes. It must be emphasized that this method can lead 
to gross inaccuracies. It is intended only to provide a very rough : 
first estimate, and from this to make recommendations for future study 
in areas -- both geographic and academic -- which appear most promising 
of producing more refined results. : 
The processes and their associated credits and debits are herein . 
presented in somewhat random order. Conclusions and quantitative 
estimates are derived independently for each process so that the 
reader, aS well as the author, may synthesize the available information 
in what appears to be the most logical manner. This form of presenta- 
tion has the further advantage of isolating errors and forcibly 
revealing inconsistencies when the concluding synthesis is attempted. 
J Throughout this section, a1] volumes are presented as cubic 
' yards, Where it has been necessary to convert from weight to volumetric ie 
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estimates, a pure quartz sand with a porosity of 35 percent has been 
assumed. ‘This assumption agrees well with values’ for sand produced 
~ oa by the mining concerns on the bay. The converston from weight to 


=, 3 volume becomes, for a quartz specific gravity of 2.65, 






62.4 1b H,9 2.65 1b quartz 27 ft? 
~ <= x ee |e x a: x 65% solid material 





2 y 
2900 lb quartz sand ‘ 
aie gad (approximately) . 


B. WAVES AND LONGSHORE TRANSPORT 





The areal and seasonal patterns described in.Sections IT and III 
indicated that differential longshore transport and dispersion were of 
primary importance in establishing and maintaining patterns of sedi- 
ment characteristics in southern Monterey Bay. Sufficient data were 
available to permit a fairly rapid computer analysis of this problem 
. and to yield numerical results for transport volumes at five locations 
along the eastern bay shore. The method used by Bowen and Inman 
(1966), which computes sediment transport on the basis of the Tongshore’ {) 
component of wave power, was chosen as the most directly applicable to \ 


. ay) 
this area. 


1. Waves ~~ 
Wave’ data are presented by National Marine Consultants (N.M.C., 
1960) for seven deep-water stations off the California coast. This is 
Te hindcasted data, derived from weather-map analysis and averaged over 
: three years. It_is broken down into primary categories of sea and 
swell. Each of these categories is further broken down into. frequency 
percentage of occurrence by month, wave direction (22.5° segments, 
reported as direction from which the’ waves arrive), period, and 
| , (©. 7, H ) 
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deep-water wave height. Since none of the reported stations were 
located: directly off Monterey Bay, an arithmetic average was taken 
of values for the two stations located equidistantly to the north and 
south (N.M.C. Stations 3 and 4). The N.M.C. paper reported each train a 
of swell separately, so that in many months the total frequency percent ; 
for this component was well over 100 percent. Wind wave data at a 
station always totaled 100 percent, including calm periods. 

For the purpose of computing the longshore component of wave 
power, the wind wave and swell components of wave energy were arith- ; " 
metically summed.” This procedure may yield results with overly large 
total magnitudes, but is the only means available for representing 
the multitude of wave trains which are simultaneously present during 
much of the year, and itis consistent with the theory and forecasting ol 
technique.on which the wave data were based. This resulted in total 
time percentage values ranging from approximately 180 percent (e.g., 
wind waves present 70 percent of the time, swell from the northwest 
60 percent, swell from the west present 40 percent, swell from the west- 
northwest 10 percent of the time) to well over 220 percent of the time 
in a month. These percentages actually represent 100 percent of the 
total hitndcasted wave energy arriving in deep water offshore during 
the month in question. 


The_numerical data indicate that waves arrive predominantly 


Dr reervqton 


from the west-northwest and northwest with periods of 7 to 13 seconds. . 


Unfortunately, the N.M.C. information is not complete; there are three 
unconsidered wave sources which are of major importance, and on occasion . 
dominant, in the bay. Since the hindcast data is based on synoptic 


meteorological data from the North Pacific, it does not consider local zee 
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QD bay winds. These can create large waves in the bay, and have YENY (Write 


infrequently given rise to storms of great local significance, as 
a 


Puce indicated by Bixby (1962). Local storms involve primarily north 
| winds, with a_consequent maximum fetch_in the bay of about 20 
nautical miles. Their predominant direction of travel and shallow- 
water characteristics indicate that they generally cause greatly 
increased longshore transport to the south along the entire coast- 
line. These are a predominantly winter feature. 
(2) ¥ The second group of waves are local wind waves which are ‘ 
generated by the diurnal sea breeze that commonly occurs in Mer oe 
afternoon in the summer and fall. These waves’ arrive from the Brad eo 
northwest with periods of.4 to 6: seconds_and-signitieant-deep-water 
wave heights up to 4 feet. They cannot be hindcast from standard 
Weather Bureau synoptic weather maps because of their localized 
5 occurrence along the coast. 
(>) The third group of waves not considered in the N.M.C. report 
are long period storm waves from the south, commonly referred to on 


the California coast as southerly swell. These are primarily a summer 





feature whose place of origin is located south of the area for which 
synoptic weather maps are available. These waves generally have long 


periods’ in the range of 13° to 20 or more seconds. The importance of 





their effect in the geomorphology of the California coastline has been 

frequently noted since at least the 1940's (e.g., Munk and Traylor, 

1947), although their precise origin -- Southern Hemisphere cyclonic 

oe winter disturbances or the tropical disturbances off Central America 
first revealed in detail by satellite photography -- is still in 


dispute. While swell from these southerly disturbances is usually 
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quite low at sea, wave periods are very long and refractive conditions 

in Monterey Bay are such that trains of southerly swell periodically 

cause high surf during otherwise very calm seasons. It is believed , =. 
that these wave trains cause predominantly upcoast transport. Neither on 
the local wind waves nor the long-period southerly swell can be 


quantitatively evaluated at the present time. 


“2, Longshore Transport 


seers NT er ener 


Two methods are available for estimating the effects of this 
important geomorphological process. The first, exemplified by Yancey 
(1968), is to assume that waves of one period and direction are dominant, 
and that a qualitative appraisal of transport by examination of the 
refracted wave fronts for this one component is sufficient to 
delineate areas of equilibrium and zones of transport. A slight -. 
improvement on this method was used by the Corps of Engineers (1959). 
That study used fairly detailed wave-front refraction diagrams for : 
the southern end of the bay and for several dominant periods and 
directions. The analysis, while qualitative and based only on a 
subjective appraisal of the wave fronts, was at least conducted in 
sufficient detail to permit some reasonable conclusions to be drawn. 


— Th d the one used in this report, is to not : 
. he second method, and the one used i is » is to note 
Cowvpennt| “) 
that in the Monterey Bay area, as along much of_ the southern California 
Lar Tae pet Spe 
coastline, the beaches respond very readily to changing wave character- 


istics. Because of this, the entire spectrum of waves incident upon ” 


‘the coast is of importance in building and maintaining,—or_changing, 


the beaches. It would therefore appear natural that the longshore 


ee 





component of wave power should determine longshore sediment transport. 


Based on the standard assumptions used in wave refraction, the following ~ < 





‘ formula for the longshore component of wave power can be --er- 


b } 
i = re = Ee OM, 5, SiN, cosa [ ‘ , 
The equation is derived from a consideration of conservation of wave 
—t jpower between orthogonals. The meaning of the terms is shown in 
Figure 23. The result, Pas is in pounds-mass-foot/seconds*, where 
pounds:mass equals pounds force, or weight, divided by the accelera- 
tion of gravity. 
“Bowen and Inman (1966) used values of Pe to compute sand 


transport in the Point Arguello study by the formula: 


: rt? . ant 1b-mass-ft F a 7) 
sf} onto), Pmt. tse nF e 


They stated that this is a seml-enpirical formula obtained by a 

‘s best-fit of field and laboratory data, requiring a direct propor- 

tionality of S and rp (i.e., linear least squares fit). The hydraulic“ yin 
radius, porosity, and other dynamic sediment characteristic values and | 
assumptions upon which this formula was based were not stated; 
therefore, the formula was simply adopted for use here on the basis 

P that a direct proportionality between S and Ps should hold for Monterey 
Bay beaches. In addition, this study has a greater need for an indica- 
tion of relative than of absolute magnitudes of transport, so that 
virtually acy linear relationship is satisfactory. 


The transport volumes and direction are obviously dependent 


+ 2% upon wave refraction as well as deep water wave conditions. Values of 


afe me a. b ‘ 
are : K = _O A 
b E i 
and Oy, for five stations along the eastern bay coast were obtained from 


ae contoured graphs developed by Professor W. C. Thompson of the Naval 
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Assume conservation of energy (E) 


(and power, P) between orthogonals... 


then Pa he Pp, 


| 2 
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LONGSHORE TRANSPORT 


Figure 23 





Postgraduate School. These graphs are included in this report as 
Appendix H. They were developed from the best refraction diagrams 
prepared over a period of years in a Coastal Oceanography course 

given at the Naval Postgraduate School. All were prepared by the wave 
refraction methods outlined in U.S. Navy Hydrographic Office Publica- 
tion H.0, 234. 

The latitude and longitude of the five coastal stations are 
noted on the contour charts of kK, and Ob» and the locations are roughly 
indicated in Figure 23. All stations are located at the approximate 
outer edge of the surf zone for heaviest local surf, on the three- 
fathom contour. Station 1 is in the sheltered southern end of the 
bay, inshore of the shale outcropping, about 2,100 yards northeast of 
the harbor. Station 2 is located in the area of coarse sand 1,400 
yards north of the southern Fort Ord border. Stations 3 through 5 
are not within the area of quasi-synoptic sediment study, but may be 
described, respectively, as being 1,400 yards south of the northern 
Fort Ord border, 2,300 yards south of the Salinas River mouth (and 
2,000 yards north of the Lapis sand mining location), and 3,000 yards 





south of Elkhorn Slough (about halfway between the Slough and the 
Salinas River mouth). The stations are approximately equidistantly 
spaced, 5,300 yards apart. 

A simple computer program was developed to handle the routine 
_ though extremely tedious computations of Pas The formula shown jn 


Figure 23 may be written: | 





rh ncu27 oly Lye es lb-mass-ft | 
Pa = [Ce egtt] [se] 5 Kp sina, cosa, {—3—}. | 


This was converted to total longshore component of wave enerqy per 


month by multiplying the value of ee by the.number of seconds in the 
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month of interest and by the time frequency percent from the N.M.C. 


ee, 


wave data. The latter is a function of wave direction, period, and 


, wry 


height, and the_values differ from month to month. The formula thus 


became: fepng Ce, “4 #) a 


5 : | < Sup sare . . pseconds 
E, = P, +. time a He, TK Sina, cosa, + [percent] - [S==o*1. 


This was computed for each month, deep water wave direction, height, 
-and period by: 
E.. = 8- @ - PCT, where 


e 
8 = constant - 6 (wave period, direction) : 
2 
= 2 $ 
= ES TK? sino, cosa, 
~@ = (wave height, number of days in month) = Ho * seconds 

PCT = PCT (direction, period, height) = average time frequency ; S 
percent for N.M.C. Stations 3 and 4. 

Individual values were summed by breaker direction class to a: 


obtain monthly energy components upcoast or downcoast (left or right 

breaker angle, respectively), and the net component per month was 

obtained for each station. The average yearly net values were also ft 
computed. These energy values are presented in Table 1. Values of 


sand transport were then simply tabulated from: 
cubic yards} _ _ 1.13. x 107" 
s| month | = Ee 97 (cu. ft.) ° 
cu. yd. 
These values are presented as Table 2 and are diagramatically shown for 4 


easier reading as Figure 24. & 
It must be emphasized that the numerical values are not precise, 
due to the nature of the wave data and unknown hydrodynamic character- 


istics of sediments used in derivation of the empirical formula for sand - 


102 





€0l 


TABLE 1 
LONGSHORE COMPONENT OF WAVE ENERGY: 


7 {LB-M-FT 
E, x 10 Be | 
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transport. In addition, the relative maqnitudes may be seriously in 
error because of the unavailability of data for local bay storm waves, 
the common sea breeze waves, and for long-period southerly swell. It 
must also be noted that small changes in refraction calculations can 
yield large changes in computed net transport. This source of error 
may be emphasized in this region by the general dominance of rela- 
tively few directional, height, and period components in the calcula- 
tions for most months and stations. 

- N.M.C. reported significant deep water wave heights (H, or 
Hy 73): Use of this height parameter in the energy formula emphasizes 
the power of the larger waves, which are of most importance in sedi- 
ment transport. Bowen and Inman (1966) used the root mean square 


height (H,.) in their Point Arguello study. Since their empirical e © 


rms 
sand transport formula uses power values derived from Bee Hi 73 
yields values that are somewhat too large. Relative magnitudes of 


the values should not be significantly affected. 


3. Discussion 
If it is assumed that the transport values shown in Figure 24 
are representative of actual conditions, at least in relative magnitude 
and direction, some reasonable conclusions may be drawn which can later 
be modified by consideration of the unreported wave sources. From 
Figure 24 it is readily apparent that the longshore transport increases 
greatly in magnitude from the south to about the center of the cell, 
and then decreases slightly further north. Also apparent is that * 23 
winter conditions are predominantly characterized by shifting and 
variable sand movement, and summer by unidirectional longshore trans- 


port. This seasonal variation is caused by the wider directional 
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wave spectra present during winter. The result is that although the 


- total energy incident upon the beach in winter is much greater than 


that in summer, the net longshore transport can be much less. It 
may be noted at this point that these quantitative trends agree with 
the conclusions of Section III, which were based on seasonal 
variability of sand characteristics. 

Transport’ in either direction at Station 1 (Figure 24) is 
almost too small to compute using the available rough approximations. 
This is to be anticipated because of its very sheltered location in 
the extreme southern end of the bay. It is of some significance that 
the dominant direction of transport throughout the year is to the 
north, or upcoast. Southern transport is almost nonexistant under 
the given wave conditions. Even though monthly net magnitudes are 
small, values for this station agree with the others in showing 
maximum total movement in winter, most unidirectional transport in 
summer, and a significant minimum of activity in July, August, and 
September. 

Station 2 shows a greatly increased activity, although this 
location also is apparently somewhat sheltered by the Peninsula. 

Of major importance is that net transport at this station is strongly 
toward the south, opposite that at Station 1. This is a definite 
indication of the presence of a nodal point of convergence between 
the two stations. A similar feature was reported by the Corps of 
Engineers (1959), on the basis of their subjective analysis of wave- 
crest refraction diagrams. That study placed the nodal point about 
two miles northeast of the harbor, ji.e., at the base of the lobe of 


medium sized sand extending to sea which was described in Section II. 
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This study corroborates this conclusion and would place the nodal point 
in approximately the same location. 
The monthly variations at this station are also of significance. es 
They show definite positive correlations between periods of maximum 
directional variability of transport and the appearance of coarse sands, 
and between most nearly unidirectional transport and finer sands. The 
relative maximum of transport in June is an interesting feature which 
is noted at all stations. There is another maximum in March at all 
stations, and a somewhat smaller one in November at Stations 1 through 
4, Dominance of movement in these months had not been previously or 
otherwise noted. 
Station 3 shows the maximum net southerly transport of all 
locations analyzed, although Station 4 shows a greater total magnitude 
of wave power and diffusion. This is consistent with a qualitative 
appraisal of their locations in relation to topography and bathymetry. * 
Station 3 is located in an area where the beach is stightly concave 
toward the bay, and in an open area just south of the convex bulge of 
contours off the mouth of the Salinas River. Station 4 is located on 
the southern flank of this contour bulge, near the river mouth, and 
therefore in an area of greater convergence of orthogonals and more 
highly refracted wave crests. These stations also show the definite 
pattern of greater winter diffusion, and primarily unidirectional 
transport in summer. Figure 24 indicates a net upcoast transport at = = 
Station 2 in December and January, no month with net upcoast transport 
at Station 3, and net northward movement in January and February at 


Station 4 and in February at Station 5, 
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. Station 5 shows a surprisingly large downcoast transport. 
It is located on’ the northern flank of the deltaic bulge, between the 
—) river and the canyon, so that a greater upcoast component of power 
“ would be anticipated. The sand transport at this station is apparently 
dominated by the northwest and west-northwest waves which have been 
refracted across the broad shelf area off Santa Cruz, so that the 
small directional deviation of the bay shore here is not sufficient 
to cause significant turning of the waves. The strong possibility> ces 
‘Gi of crossed orthogenals due to the presence of the canyon must not be 7 
neglected at Station 5. Additional wave trains created by this ‘ 
process, and not included on the refraction diagrams, could conceivably 
be of sufficient magnitude to greatly alter the pattern described. 
The fact that the sand at Station 5 has a net southward move- ) 
2 ment is of extreme importance to the bay's sand budget, for it sapere 
= = limits the amount of sediment lost down the main axis of Monterey 
Canyon at the northern end of the cell. The bulge around the mouth 
of the Salinas River can thus at least in part be considered to be a 
feature of recent deposition, and on the basis of longshore transport 
values it may be predicted that this portion of the shoreline will 
retain its present position or will prograde for some time to come. 
Beaches normally adjust rapidly to compensate for changes in sediment 
supply. By reorienting, they cause a modification in longshore trans- 
port and consequent alignment to a new equilibrium position. The 
Salinas Delta -- the upper several yards of which at least are an 


- = extremely young geological feature -- may thus be expected to show 


continued changes and probable growth. 
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Even a relatively smal] net northward transport at Station 5 
should be sufficient to rapidly reduce the fan size. The rapidity 
of this reduction would be increased by the coincidence of the periodic 
river inputs with the season of maximum wave action and thus sediment 
motion on the beach. At the present time, significant transport to 
the north does occur during the winter months, although the annual net 
motion is toward the south. This indicates that river material may 
be carried initially both south and north when it enters the bay; while 
some of it is therefore immediately lost down the canyon, the reversed 
downcoast transport in summer prevents erosion of the delta flanks and 
is in fact sufficient to permit each year's material to contribute to 
deltaic growth. 

Yancey (1968) argues that presence of the delta is evidence of 
the location of the river mouth in its present position throughout 
most of the Pliocene and Pleistocene. He further suggests that the 
Salinas Channel of the Monterey Canyon, which extends toward the 
river mouth, is of subaerial origin, postdates the fan, and therefore 
indicates that the fan is older than the last glacial sea-level 
lowering. The evidence he puts forth is purely subjective and is based 
upon bathymetry and physiography. Evidence pointing away from his 
inferences and towards a more recent origin of the Salinas Delta and 
channel is available from comparison of the C. & G.S. smooth sheets 
from 1856 and 1933-1934, i.e., before and after the Salinas River most - 
recently changed its outfall from Elkhorn Slough to its present loca- 
tion. There is definite evidence of the presence of a small delta 
on the 1856 survey; however, profile comparisons indicate an extremely 


large amount of progradation since the turn of the century, plus 
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significant recent cutting of the Salinas Channel. This evidence is 
considered in more detail in the next section of this report, where 
it is used to provide a quantitative evaluation of Salinas River 
sediment discharge. 

It must be anticipated that the dominant direction of trans- 


port reverses within a short distance north of Station 5. Qualita- 












tive reports and field studies near the mouth of the canyon (Davis, 
Harper, and Neish, 1966) indicate a definite movement toward the 
canyon head; tidal currents and jetties at Elkhorn Slough, plus the 
(t’ J nearshore proximity of the canyon head, preclude present massive 
transport past this area. Heavy mineral analysis (e.g., Hutton, 1959, 
Sayles, 1966, and Yancey, 1968) provides further evidence that the 
canyon is an effective separator of littoral cells. A nodal point 

for divergent transport directions must therefore be located somewhere 
to the north of Station 5. It is significant that the annual upcoast 
transport at Station 4 is almost as large as the downcoast transport 
at Station 5. This is another indication of the primary role played 
by rapidly fluctuating transport directions and shifting masses of 
material in the geomorphology of the sandy beaches in this area. 

One piece of evidence which contradicts the assumption that 
transport is reversed to the north of Station 5 is that the Corps of 
Engineers (1959) reported an estimated 150,000 cubic yard annual net 
southward transport past.the Moss Landing area_nrior to the erection 
ofbarriers. They indicated that southward transport dominated along 
the entire inner bay coast and continuously decreased from the north 


into the Monterey Harbor area due to depletions. from wind transport 


‘ and mining. The erection of the jetties at Moss Landing cut off this 
een 
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flow at Elkhorn Slough. Recent studies cast doubt upon the validity 
of this magnitude of transport past the head of the canyon at any 
time. Refraction diagrams, the location of the canyon head, heavy 
mineral analyses and tidal currents in the area all argue against any 
such volume of material having moved southward across the proposed 
northern boundary of the littoral cell for any significant period 

of time. 

Consideration must be given, at least qualitatively, to the 
effects of the undocumented wave regimes. Both the southerly swell 
and the bay wind storm waves must be severely refracted and diffracted 
by the complex topography near the canyon and the Peninsula, but 
observation and wave records have definitely verified that they both 
can occasionally be of great local significance (Bixby, 1962). Sea 
breeze waves have relatively short periods. This characteristic, 
plus their dominant direction of approach (northwest), would indicate ae 
that the resulting transport from their longshore energy components 
is in the same direction as that of the documented sources. 

Station 1 would obviously be more strongly affected by sea 
breeze wind waves and local bay storms than by the southerly swell. 
Refraction and diffraction is extremely severe for the southerly wave 
trains at this station, and values of both K, and a, are extremely 
small. Local bay storms have their full fetch available for action 
on this area, but they are extremely infrequent, occurring only once 
or twice a decade. While their action may be locally catastrophic for 
a short time, they may be disregarded during most years. Station 2 


should similarly be more strongly affected by the local waves than by 


the offshore southerly swell, although some effect of the long period 
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summer swell is expected. From Stations 3 through 5 the comparative 
effects should be reversed, due to decreasing fetch for local wind 
waves and to decreased sheltering from the Peninsula. While it is 
not anticipated that these considerations would change the overall 
net direction of movement at Stations 3 and 4, they could easily 
decrease the magnitude of the net southerly transport, particularly 


in summer. At Station 5, the effect of summer swell could be 





extremely significant and of major importance in carrying sand to 
the canyon head and reducing the size of the Salinas Delta. A 

u 7 quantitative evaluation of these wave trains and their effect would 
- aid greatly in determining actual patterns of longshore transport in 
the region and in evaluating potential delta growth. 

The general patterns of sand transport appear to be a dominant > 
downcoast transport of sand along the beaches. The largest transport 7 
: a volumes occur from just south of the Salinas River to about the center 
of Fort Ord. Transport decreases rapidly to the south of this area, 


no 


and there is a nodal point of convergence about twa miles north of the 


harbor. The unconsidered wave sources will not change this general 
picture in the south, but may cause seasonal shifts of the nodal point 
| and possibly an occasional continuation of downcoast transport into 
the harbor area in winter. Similarly, the area north of the Salinas 


mouth is characterized by downcoast transport during most of the year, 





ol with a divergent nodal point located near the canyon mouth and possible 
reversal of the indicated trend during the summer. Material trans- 

| ported downcoast from Station 5 will probably remain in the cell and 
may contribute to delta building; an alternate possibility is that much 


of this material passes down the tributary channel of the Monterey 
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Canyon which heads toward the present’ river mouth. Most or all of 
the material transported to the north at this station eventually will 
be lost from the cell down the main channel of the canyon. 

The effect of nearshore currents on the transportation of 7 
finer sediments should also be considered. Unfortunately there are 
“Wneufficient data available to permit detailed analysis of these cur- 

rents. The literature (e.g., Skogsberg and Phelps, 1946; Wolf, 1968) 
indicates a predominantly southward nearshore current in summer, 
northward in winter. This pattern would indicate that much of the 
fine material brought into the bay by the Salinas River in winter is 
immediately carried north toward the canyon. This supposition is 
supported by the heavy mineral analysis of Yancey (1968), who indicated 
that the offshore surface sediments in the southern bay are not similar . 
in mineralogical character to the river sediments. Some of this fine 
material does move south along the beaches, as is indicated by the 
influxes of fine material in the Lapis sand samples immediately after 


the river mouth is opened. 


4, Conclusions 
On the basis of both quantitative and qualitative appraisal of 
wave and longshore transport conditions, the following conclusions 
concerning nearshore sediment dynamics in the southern bay may be 
proposed: 


a. The beaches are acted upon by large waves and a multi- al 


& 
’ 


plicity of wave trains in winter and by lower waves of shorter period - = 
and more consistent direction during the summer. Periods during which 
he bay is dominated by local storm waves are extremely infrequent 


but can be of major importance in modifying the bay shore. Southerly 
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swel] with extremely long period waves is occastonally important 
during the summer. The beaches are very responsive to all wave 
conditions and to all changes. : 

b. Because of the seasonal variations in incident wave energy, 
sand transport is characterized by shifting motions and fairly smal] 
net movement in winter and by predominantly unidirectional longshore 
transport in summer, with transitional conditions in the spring and 
fall. The smallest volumes of sand movement occur during the period 
of least wave action in July, August, and September. | 

c. Transport is predominantly in a downcoast direction along 
the eastern bay shore. This transport is a maximum along the 5 to 6 
miles of beach south of the Salinas River mouth, and decreases to both 
the north and the south of this strip. 

d. There are two nodal points in the transportation pattern. 
A point of convergence is located about two miles north of Monterey 
Harbor, where small volumes of sand from the harbor meet much larger 
volumes from the north. This point is probably in strongest evidence 
during the summer months. A node of divergence is located about a 
mile south of Elkhorn Slough. It is primarily in evidence during the 
winter, and may move two to three miles to the south during summer 
under the influence of long period southerly swell. 

e. The area off the Salinas mouth does not appear to have yet 
reached a state of equilibrium; the modern delta may continue to grow 
due to littoral processes alone. If this occurs, it may be predicted 
that continued growth of the Salinas Delta will, in time, cause modifi- 
cation of longshore transport patterns, realignment of the beaches of 


the southern bay, and possibly progradation along much of the shoreline. 
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f. The quantitattve transport data corroborate the presence 
of the lobe of medium sand (Figure 7) indicating offshore movement at 
the southern nodal point. Periods of shifting directional motion and 
coarse sand occurrence coincide well, as do the very small unidirec- 
tional movements of July, August, and September with the occurrence 
of fine sands. Sinks which could account for the large volumetric 
Sand decrease between Stations 3 and 2 include mining, offshore 


transport, and loss to the dunes by wind transport. 


C. RIVER SEDIMENT DISCHARGE 
1. General 

The only important drainage into southern Monterey Bay at the 
present time is from the Salinas River. The river has a drainage area 
of 4,157 square miles and an annual average discharge of 278,700 acre 
feet per year or 385 cubic feet per second (37-year average, 1929 to 
1966, from U.S. Geological Survey Annual Water Resources Reports). 
While there is some indication from probings and bathymetry that £1 
Estero and Canyon del Rey (Roberts Lake) near the southern end of the 
bay at one time may have had discharges of minor significance, only 
the Salinas has been of major consequence in historical times. 

The Salinas has a highly variable flow. Except when flood 
control requires waste of water to the sea, the lower end of the flow 
is retained in the neighborhood of Chualar, some 15 to 20 miles from 
the ocean. Seaward of this area a layer of impervious blue clay caps 
aquifers into which percolation occurs inland. Primary control is at ot 
the Nacimiento Dam, completed in 1958. The effect of dams on control- 


ling sediment supply to the sea has been noted by Norris (1964), 
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although a thorough study of their effect has not been completed. 
During a normal year, the river mouth is opened by personnel from 

the Monterey County Flood Control office in October or November, 

and it remains open, at least periodically, until about June. 

Annual rainfall variations in the Salinas Valley are great; several 
notable floods and droughts have been recorded in the last century. 
Nevertheless, in terms of geomorphological forces, the river's sedi- 
ment discharge may be termed a fairly regular and frequent occurrence 
(Wolman and Miller, 1960). 

The data available for the Salinas sediment discharge is that 
which is collected for surface water studies. The estimate of sediment 
supply from the Salinas which is usually quoted in the recent litera- 
ture is from Wilde (1965), who used the formula of Leopold, et al. 
(1964), to obtain a value of 5 x 10° cubic meters per year for the 
suspended load (that portion finer than 4 o) of the Salinas plus local 
streams. Yancey (1968) ascribed the submarine fan off the Salinas 
mouth to subaerial rather than to submarine deposition. He thus dis- 
counts the possibility of a large annual influx of sediments from the 
river, or at’ least implies their almost immediate removal by wave 


action. 


2. Volumetric Computations )w 
Due to the lack of data specifically designed for computation 


of sediment discharge, only rough estimates of river transport have 

been attempted. Three different methods have been used, each of which 
provides an independent estimate of a different type or considers a 
different time period of river discharge. Data for most of this portion 


of the project was generously provided by Mr. B. Eissler of the U.S. 
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Geological Survey in Salinas. The use of the data and the conclusions 
drawn are the author's responsibility. 

a. Deltaic Growth Tot 

Smooth sheets from U.S. Coast and Geodetic Survey hydro- 

graphic surveys of 1856 and 1933-1934, at a scale of 1:10,000, were 
available for the area off the Salinas mouth. The river is known to 
have emptied into Elkhorn Slough during at least the century prior to 
about 1906 (Hamlin, 1904). Around 1906 the river abandoned its channel 
where it had previously made a 90° bend immediately behind the beach, 
and cut through the narrow dunes to the ocean. 

The 1856 chart, drawn when the river still emptied into the 
Slough, shows some minor seaward curvature of the isobaths in the area 
of the present river mouth. This is an indication that the river 
probably had an outfall in this area at some time in the recent past. 
The 1856 delta, however, is significantly less pronounced than the 
delta shown on present-day charts. A graphic illustration of the 
area and contour changes 4S shown in Figure 25. In order to obtain 
a rough estimate of delta growth since the most recent change in 
location of the river mouth, five profiles at 1' latitude increments 
were drawn in the area of the present fan and the soundings of 1856 
and 1933-1934 were compared. A reduced version of the profiles is 
shown in Figures 25 and 26. Profiles were stopped at a depth of 
approximately 20 fathoms due to lack of data at greater depths. Com- 
parison of the smooth sheets for these years in areas well to the 
south of the delta showed little change in bottom configuration. 
Major changes on the delta should therefore provide a rough indication 
of the order of magnitude of the sediment output of the river during 


the period from 1906 to 1933-1934. 
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The result of the comparison was an indication that deposition 
on the delta averaged between 7 x 10® and 2 x 10° cubic yards per year 
for the period between 1856 and 1933-1934, or between 1906 and 1934, 
respectively. This estimate is believed to be of the correct order 
of magnitude, and represents a minimum estimate for sand discharge 
from the river for those years. 

The accuracy estimate is based on the following considerations: 
a good geographic fit was obtained between the two charts, fixed by 
location of nearly identical base stations on Mulligan Hill (a promi- 
nent local land feature) and location of the 1927 coordinate datum by 
U.S.C. & G.S. on the 1856 chart; a depth of four feet was subtracted 
from each sounding on the 1856 chart to reduce it to Mean Lower Low 
Water (the 1933-1934 and present tidal datum), based on a 1926 
U.S.C. & G.S. notation on the 1856 1:40,000 summary chart; a comparison 
of smooth sheets for the same years for the beaches immediately to the 
south of the delta showed extremely good correlation over most of the 
area. The mean tidal range in Monterey Bay is 5.3 feet, so that a 
reduction of four feet from the 1856 soundings would account for any 
deviation from present datum, if it is assumed that 1856 soundings were 
not initially reduced to a high water stage. 

The primary conclusion from smooth sheet comparisons is that 
there has been extensive recent progradation of the Salinas submarine 
delta, at least in the years between 1906 and 1933-1934. A second 
Significant fact emerged from the smooth sheet comparison. Recent 
editions of C. & G.S. 5403, the standard 1:50,000 navigational chart 
of the area, and the smooth sheets on which they are based (1933-1934 


and 1953-1954) show a tributary channel or arm of the Monterey Submarine 
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Canyon extending toward the Salinas River mouth (Figure 27). This arm 
heads about 2,300 yards offshore in less than 20 fathoms of water. 
Yancey (1968, p. 9) states that since it does not extend to the shore- 
line, it is not being presently eroded. There is, however, no indica- 
tion of the presence of this channel prior to the 1933-1934 survey. 
All charts of the area which are known to the author and which pre-date 
the 1933-1934 survey show fairly straight contours in this area. 
Personnel as knowledgeable about the area as Galliher (1932) and 
Skogsberg (1936) neither mention it nor show it on their charts. It 
must be noted that much of their bathymetric information was based on 
work done around 1910. The channel is also not shown on the C. &G.S. 
smooth sheet (1:80,000) of 1924-1925. 

It may be argued that since this is a narrow and local feature, 
previous sieve were so spaced that they missed it entirely. However, 
all of the listed references delineate in some detail the channel 
extending toward the Pajaro River north of the main canyon axis. 
Furthermore, the 1856 survey does give several soundings in the precise 
area of the channel as shown in 1933-1934 (Figure 27). These soundings 
indicate a significantly shallower depth than shown in the area in 
1933-1934, and none of them indicate the presence of any canyon exten- 
sion in 1856. These depth differences must be considered significant, 
for they occur in a location where all other soundings, i.e., those 
not in or immediately adjacent to the channel, indicate that the 
general area of the delta was significantly deeper in 1856 than in 
1933-1934. 


From the smooth sheet comparisons it may be concluded that the 


delta of the Salinas River has at least in large part been deposited 
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since 1906. The deposition and growth have been quite rapids an 
approximate annual increase of 1 x 10® cubic yards of sand for the 
period 1856 to 1933-1934 is indicated. This figure is considered to 
be a minimum estimate for both delta growth and for Salinas River 
sediment.supply because of the known severity of wave action and 
longshore transport in the area, the fact that the profiles (Figures 
25 and 26) stop before similarity of bottom depths are reached, and 
because of the evidence for major cutting of the arm of the submarine 
canyon. No other known source of sand supply to the delta was availa- 
bie during this period. 

It thus appears, contrary to the conclusion of Yancey, that 
the Salinas channel of the Monterey Submarine Canyon is eroding at 
an exceeding rapid rate, and that it had its origin -- or at least 
was greatly rejuvenated -- after the river changed its course in 
about 1906. The rapid shoreward progress of the head of this canyon 
is probably due to the facts that it is cutting into recently deposited, 
unconsolidated sediments, and is provided a large annual supply of 


material capable of continuing the erosion. 


b. Discharge of Sands. 

The term sand as herein used is defined (Wentworth, 1922) 
as sediment in the size range of 4 > to -1 ¢. Fines are considered 
separately. River discharge of sands was computed by the method 
developed and outlined by Colby (1964). His Figures 26 and 24, which 
relate discharge to near velocity, median bed size, and depth of flow, 
and which provide corrections for deviations of water temperature from 
a standard of 60°F and for suspended load of fine sediments, were used 


for the calculations. Colby's method provides estimates of the 
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combined bed load and suspended load for material in the sand sizes. 


This was the method used by Bowen and Inman (1966) in their Point 
Arguello study (although they computed values from a different figure 
in Colby's paper), and is perhaps the simplest and most rapid method 
presently available for discharge calculations. 

Sand discharge volumes were computed for the calendar years 
1965 through 1967. The required input data of mean velocity, stream 
width, and depth, were taken from U.S. Geological Survey forms 9-207 
for Station No. 11-152500 (Salinas River near Spreckles). These data 
were measured less frequently than daily, and at several different 
locations, during the period for which computations were made. Because 
of. this, the surface water discharge records were used to weigh flow 
durations and to very slightly adjust velocity values when these were 
not taken at the reference gage station. Sediment discharge values 
were computed only for those days when the river was known to be open 
to the sea (Monterey County Flood Control Annual Reports). A lack of 
precise information on open dates was the primary reason for limiting 
consideration to three years. 

Sediment mean size data for the river bed were obtained from a 
set of seven samples across the river channel. These samples were 
taken on 12 October 1967, after the closing of the river mouth on 
September 28 of that year, and were analyzed by the U.S. Geological 
Survey. Samples from main and secondary channels, and. from overflow 
or flood areas between and on both sides of the channels, were included. 
The size values may therefore be considered roughly representative of 
material moved by the river during the previous water years. Calcula- 


tions and significant values are summarized in Table 3. The average 
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TABLE 3 
SALINAS RIVER SAND DISCHARGE, 1965-1967 


TOTAL DISCHARGE 

f DISCHARGE | = DISCHARGE x 
TEMP |WIDTH |DEPTH |VELOCITY| (TONS/DAY PER | DAYS x WIDTH 
(°F)| (FT) | (FT) |(FT/SEC)| FOOT OF WIDTH) (TONS) 
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Date river opened * From U.S. Geological Survey Forms 9-207 

Date river closed + From Colby (1964), Figures 24 and 26 

No. of days for (median diameter of bed sands = .48 mm 

computation for _ < 100', .42 mm for width > 
100! , 


NOTE: Due to averaging, numbers are not completely compatible. 
Estimates are, in most cases, overestimates. 
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TABLE 3 (cont.) 
SALINAS RIVER SAND DISCHARGE, 1965-1967 


— TOTAL DISCHARGE 
| = DISCHARGE x 
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annual discharge is computed by this method to be approximately 
2.5 x 10" cubic yards of sand per year. 

The validity of this estimate is in serious doubt. It could 
quite easily be wrong by one order of magnitude. Most of the streams a 
considered by Colby had year-round flow. The yearly stoppage of the 
Salinas and the extremely large seasonal variations in its channel 
width prompt luxuriant summer growth of phreatophytes in the river 
bed, at least in the river's lower reaches. These plants have a large 
if temporary stabilizing influence on sediment transport; their 
quantitative effect is impossible to evaluate, but is at least a 
significant factor in removing the Salinas River from the assumed 
conditions of cohesionless bed sands and smooth banks. 

The basic data are suspect for the use to which they were put 
here. Data were primarily designed for computations of water volume 
discharge, and the values of velocity -- on which the calculations of _ 2 
sediment discharge depend most critically -- are probably poor 
estimates for use in this study. Variation in location where velocity 
was measured caused wide fluctuations in recorded values which could 
not readily be compensated for. 

The gaging station is located some 15 to 20 miles inland. This 
distance from the ocean has some effect on the computed discharge 
values, although the river bed appears to be in a near equilibrium 
condition so that almost all of the sand passing Chualar does eventually a 
reach the ocean. The lagoon behind the bar at the river mouth appar- , 
ently has sides and bottom of water-saturated clay several feet thick 
(Muckel, Dyer, and Behnke, 1965). This would indicate that there is 


little sand accumulation during periods of low flow, and almost complete - 


flushing during flood stages. 





. The data are further btased by the years chosen for the compu- 


tations. About 90 percent of the discharge during the three-year 


toys 


period occurred in 1967, and of this another 90 percent occurred in 
the three months of February, March, and April. This is a strong 
indication that only in major flood periods does the Salinas discharge 
a large volume of sand. 

The sand discharge volume calculated by this method is very 
small when compared to the delta growth calculations. This, plus the 
highly variable nature of the yearly flow, suggests that the Nacimiento 
Dam may have a profound influence on the supply of sediment to southern 
Monterey Bay. The construction of this and other dams and the resulting 
outflow regulation may have greatly decreased the river's natural 
transporting power. Furthermore, dams intercept the sediment derived 
. from large’ portions of the total drainage area’so that the total sedi- 


__ ment supply for the river is substantially decreased. The author knows 


i 
Oar 


of no other occurrence or physical change between 1933-1934 and the 
present which could account for at least two orders of magnitude 
decrease in sand discharge volumes. 

It must be emphasized that the volume computation by the 
method of Colby (1964) is extremely tentative, and may in fact be 
totally erroneous. There are, however, two orders of magnitude dif- 
ference between this and the delta change calculations, both of which 


. consider only sands and not fines. The author does not believe that 





‘ this difference can be totally accounted for by errors in calcula- 
ae tion. Based on the nature and handling of the data, the delta volume 
computations would appear to be an underestimate, and the river dis- 


charge value a slight overestimate, of actual values. This 
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unfortunately would make the discrepancy even larger, so that a physi- 


cal cause for the change must be sought. 


c. Suspended Sediment 
Slightly over one year of suspended sediment data ae . 

- (unpublished) for open river mouth periods were made available by 
Mr. Eissler. The suspended sediment concentration (parts per million) 
was multiplied by river discharge (cubic feet per second) and by time 

to obtain cubic yards of suspended material discharged per day and 
“her year. The results are tabulated in Table 4. Pipette and volu- 

metric accumulation tube analysis of the samples, conducted by the 

U.S. Geological Survey, indicated that approximately 75 percent of 

the suspended material was of sizes smaller than 4 o. The material 

larger than 4 @ should theoretically be accounted for by Colby's : Ss 
method of seneukineekane discharge. From the table it can be noted 
that the discharge in December 1966 (high flood stage) sipaseed that 
for the entire 1967 calendar year. Suspended sediment concentration 
varied approximately directly with discharge volume throughout the 
year, so that decreased summer flows carried insignificant amounts 

of fine sediment. 

This computation, like that of the sand discharge, could be 
seriously in error. Most concentration values were based on a single 
peodtag rather’ than a profile of samples. The samples were not taken 
by Geological Survey personnel but on contract by a local resident. - 
They were not always taken at the same location as was the water-flow 
data. This was the first suspended sediment data for the Salinas 
River, so that lack of training and experience undoubtedly had an 


effect on the results. In addition, the data are for a single year, 
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TABLE 4 
SUSPENDED SEDIMENT DISCHARGE (YD?) 
— YD?) _ 1 YD? SEC _ 24 HR 
DISCHG tal = H,0 DISCHG(CFS) * CONC(PPM) x e"pey x 3600 pee x Soe 
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which proved to be a year of unusually high flood stages and extended 
summer flow. It is notable that the discharge value obtained is of 
the same order of magnitude as that computed by Wilde (1965). The 


value is believed accurate at least to the order of magnitude. 


3.° Conclusions 
Based on the assumption that the computed volumes are correct 
to order of magnitude, the following tentative conclusions are set 
forth: 
a. The present day sediment discharge of the Salinas River is 


approximately 2.5 x 10* cubic yards of sand and 3 x 10° cubic yards of 





silt and clay per year. The bulk of this material is transported in a 

period of a month or two each year, and the total volumetric output is 

highly dependent on flood control procedures. a, 
b. The river sand discharge was on the order of 10° cubic 

yards of sand per year, or greater, during the period immediately after 

the river commenced to empty at its present outlet. This average 

annual discharge volume was maintained until approximately 1958, when 

the Nacimiento Dam was completed. The dam decreased the output by 

cutting off much of the drainage area from the ocean, thus reducing 

the availability of sediment, and by lowering the river's natural load 

carrying capacity. 
c. The delta off the mouth of the Salinas showed rapid progra- 

dation between the surveys of 1856 and 1933-1934. Unless the annual ots 

volume of sand discharge during these years was significantly larger 

than 1 x 10® cubic yards per year, the progradation is indicative of 


much local dispersion off the river mouth but little net longshore 
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loss of the newly added sands. A figure larger in magnitude than 

10° is indicated by the computed longshore transport at Station 4 and 
by the computation procedure, which neglected bathymetric changes at 
depths greater than about 20 fathoms. 

d. The topography and surface geology of the Salinas flood 
plain indicate a fluctuating location of the river mouth between 
Elkhorn Slough and slightly south of the present location during the 
Holocene. The size of the active dune field between the present out- 
fall and the slough is evidence that the river has drained into the 
slough or at its present location for most of the last several 
centuries. 

e. The hydrographic chart of 1856 indicates the existence of 
a small delta near the present mouth, probably created at an earlier 
time when the river emptied at this location. Prior to the most 
recent course change in about 1906, when the river emptied into 
Elkhorn Slough, much of the river sediment added to the bay probably 
passed directly down the main channel of the Monterey Submarine Canyon. 

f. The 1856 chart does not indicate the presence of a 
tributary channel] to the Monterey Submarine Canyon that heads directly 
off the present river outfall. This channel has either been newly 
developed or reopened, probably since 1906 when the river changed its 
course. 

g. Volumes supplied by the river as computed for different 
periods of time and different size components differ considerably. 

If the differences are real, carefully controlled bathymetric surveys 
of the delta region should help shed more light on the present budget 


of the southern bay. The large decrease of sediment supply since 
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1933-1934, if real, could cause significant changes in the beaches in 
the southern bay. It is possible that this decreased transport is 
just beginning to be felt 10 years after eonetnieticn of the — 
Nacimiento Dam. This could account for the recently decreased pre- eee 
dictability of sand sizes by mining operators. It may be predicted 
that the effect, if real, will be felt increasingly with the passage 
of time, and that a significant decrease in size of the submarine 
delta would be one of the first recognizable indications of forth- 
coming coastal erosion. Conversely, if the volumetric discharge at 
the present time is shown to be comparable to that of the period from 
1856 to 1933-1934, the delta should show significant additional pro- 
gradation. In this case the southern beaches should be stable or move 
seaward in the future, as is concluded above jn the section on waves 
and longshore transport. 
h. The computed suspended sediment load is compatible with : : 
Wilde's (1965) estimate. Much of this fine material undoubtedly passes 
directly to sea and into the canyon via the main axis or the Salinas 
Channel under the influence of a northward offshore current in winter. 
Significant volumes are transported south along the beach. As indicated 
by Yancey (1968), this fine material does not compare closely with the 
offshore sediments in the southern bay on a heavy mineral basis. This 
would seem to indicate that the fine material either remains near the 


beach or is predominantly transported to the north. Pa 


D. WIND TRANSPORT 
The extent of the Monterey Bay coastal dune fields, and the con- 
tinuing occurrence of dune encroachment as seen from both aerial 


photographs and field observations, are ample evidence of the large 
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effect of wind transport in the area. “Dune alignment indicates that 
winds are’ predominantly from the northwest; this is verified by the 
available measurements. The Corps of Engineers (1959) showed jn a 
wind rose that northwest winds occur during more than a third of the 
total hours per year. Galliher (1932) vectorially analyzed the north- 
west wind and showed that its alongshore components are zero at the 
center of the major dune field in Fort Ord, and are toward this loca- 
tion from both north and south. 

To properly determine the volumetric rate of sand transport 
by the wind, wind velocity profiles from both along the beach and 
across the seacliff face should be analyzed and used. The Monterey 
Peninsula provides a sheltering effect for the southern corner of the 
bay, while from Fort Ord to the northern cell boundary the coast is 
open and hence unsheltered from the dominant winds. Unfortunately, 
the only summarized wind information readily available for this portion 
of the study was from the Naval Auxiliary Landing Field in Monterey. 
This station is located about 2,500 yards inland, at an altitude of 
164 feet. It is well within the sheltered zone of the Peninsula. 
About a year of continuous wind recordings was available at the Moss 
Landing Marine Laboratory, but time was not available for reduction 
of these data. Because of the location of the air facility, its data 
may be considered to provide a minimum estimate of the wind transport 
from the beaches. A tabulation of average annual wind duration by 
velocity and direction intervals was composed from the Landing Field 
climatological summary sheets of 1954 through 1962 and is shown in 


Figure 28, 
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Wind Velocities: 8 Year Average, Hours per Year 


Under 3 Knots: 3326-8 
Location: Naval Auxiliary Landing Field 
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Examination of aerial photographs indicated that dunes are 
progressing rapidly inland along the entire length of beach in the 
inner bay. Dune areas particularly notable because of their lack of 
backshore vegetation for over 20 years are located just south of the 
Salinas River mouth, near the northern Fort Ord border, and at -several 
locations along the Fort Ord beaches and immediately south of them in 
the area of high dunes where the southernmost sand plants are located. 
Almost all of the major transgression has occurred in cuts or wind 
gaps in the older dune fields, so that the steep slopes of the sea- 
cliffs do not provide an effective barrier to continued inland sand 


transport. 
Volumetric sand ort was calculated using the method of 
Johnson and Kadib i 64). A second tiethod of calculation was presented) 


by Kadib in 1965. In this 1965 paper he shows that the calculation 
procédure of the 1964 paper produces values of transport at wind 
velocities below critical levels; the 1964 method was, however, drenot 
adequate for use on this study. This decision was based on the fact 
that both methods available for use gave values of the same order of 
magnitude on Kadib's test beach (Kadib, 1964, 1965), and that the 
extremely rough nature of the available data did not justify the 
additional time required to obtain a questionable increase in accuracy. 
The climatological summaries provided a breakdown of the winds into 
octants of direction and into 5 velocity classes; under 3 knots, 3 to 
8, 9 to 15, 16 to 25, and over 25 knots. Thus the data has nowhere 
near sufficient definitiveness to provide more than a "first guess" 


estimate of the transport. 
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The method, as developed in Johnson and Kadib (1964), may be 


outlined as follows. Figure 28 shows’ a rough breakdown of the geo- 


a TM} 
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graphical area into reaches and indicates some of the significant “* 
values for the area. The formula for the calculation is the basic Gee 
Bagnold equation, rewritten as 


Q = 15.20 tal, pu pounds per year, 


where 

Q = total transport in pounds per year for a given wind 
duration and velocity class and for the reach under - 
consideration, 

t. = duration in hours per year of the wind direction and 
velocity class under consideration, 

1, = reach in feet perpendicular to the wind (see Figure 28), 

d = median grain diameter in millimeters of the sand at the 


mean water level on the reach under consideration- os 
(Figure 28), ~ 


D = standard median grain diameter of 0.25 mn, 
15.20 = a constant which incorporates the Bagnold constant 

(assumed value of 1.8 for normal grading), accelera- 

tion of gravity, and specific weight of air, 

« U_- U' ; 

U, 46. Te Wom (ae) ° 
where 

U = wind velocity of class under consideration, 

Z = anemometer height (12 feet for the N.A.L.F. 7 

wind data), 

Z' and U' are 'focus' heights and velocities, respectively, 
of wind profiles (Johnson and Kadib, 1964), and are determined = 
for use in this’ formula by: -" 

Z' = 10d in mn, Ss 


U' = 20 d in miles per hour. 








A value of 0 was computed for each direction, velocity class, 
and reach of interest. For southern Monterey Bay, the only wind direc- 
tions capable of transporting sand inland are southwest through north, 
and only the upper three velocity categories have any sand carrying 
capacity. These three categories were assumed to have average velocity 
values of 20, 35, and 50 feet per second. The first and last of these 
categories produce only negligible transport due to their small 
velocity and short durations respectively. Values of the median grain 
diameter were taken from the mean water line samples of the quasi- 
synoptic survey. They are shown in Figure 28. 

The sand transport calculations indicate a total inland trans- 
port of sand by the wind on the order of 2 x 10* cubic yards per year 
between Monterey Harbor and Moss Landing. Computations and significant 
values are shown in Table 5. Figures indicate that maximum transport 
occurs in the area of high dunes just south of Fort Ord; i.e., at the 
southern end of the major dune field. Yearly totals were much smaller 
for the southern portion of Fort Ord, and then increased for the 
northern reaches. This is in disagreement with the actual conditions 
as indicated on aerial photographs, and may be attributed to the 
location of the wind data source. The yearly total value of 2 x 10° 
cubic yards is believed to represent an absolute minimum estimate for 
the area; winds are known to be higher than the reported data indicate, 
and to increase significantly upcoast. 

The winds from inland which would be capable of carrying sedi- 
ment back to sea have not been considered. Such offshore winds are 
predominantly part of the local sea-land breeze regime, and are 
generally of small magnitude. It may be estimated that the seaward 


sand transport by wind is not more than 10% of the landward transport. 
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TABLE 5 


WIND TRANSPORT 


ae (2, Suet, )(15.20) 


LB/YEAR 
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The roughness of the method of calculation and the short- 
comings of the wind data greatly reduce the validity of the computed 
volumetric figure. The extreme importance of wind transport in the 
area is immediately apparent from the bay shore and dune topography, 


and this subject deserves a more accurate appraisal. 


E. SEACLIFF EROSION 
The increasing number of seawalls along the coast, artificial cuts 


in the dune faces and reports from mining companies, al] attest to the 


extreme importance of dune erosion along the entire eastern bay shore. 
Although high winter waves annually erode the beaches and usually 
remove the talus at the foot of the dunes, most of this material is 
returned to the beach in the summer. The real damage is done during 
major winter storms when as much as 10 to 15 yards of coastline 
retreat have been reported to occur in a day (e.g., in the February 
1960 storm approximately 40 feet of beach was lost near Sand City 
according to Hart [1966]). 

Both local bay wind storms and larger open ocean storms have 
been noted to cause significant damage. The storms, the synoptic 
conditions surrounding them, and their effects have been thoroughly 
documented for this area for the years 1910 through 1960 by Bixby 


(1962). Bixby's work indicates that major erosion is fairly infre- 


- quent, occurring perhaps once or twice in a decade, but that it can 


be locally catastrophic. In addition, only certain localized por- 
tions of the coast may be affected by any one storm, as was the case 
with the previously discussed storm of December 1967 which caused much 
erosion in the southern bay tip but had little effect on the beaches 


farther north. 
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The only practical method of estimating the magnitude of 
erosion is by comparison of sequential aerial photographs. This 
tse method has been shown to produce excellent results in numerous areas 
, (e.g., Cameron, 1965). Vertical and controlled aerial photos of all a gee 
or part of the Monterey Bay area were available for the years 194), 
1945, 1949, 1959, and 1968. The 1968 set was taken by Naval Post- 
graduate School personnel at an altitude of 1,000 feet using the 
school's Fairchild T-11 aerial mapping camera which is permanently 
mounted in a Navy S2 aircraft. Photos of other years were from various 
government sources. | 
Control in comparative measurements was maintained by the use 
of known distances between permanent objects used as reference for 
_ each photo or segment of beach. Measurements were made to the top 
oe edge of the seacliff, and are therefore independent of time of year, 
YY" state of tide, or other transient and seasonal conditions. Compara- =“ 3 
tive measurements using the 1945 flight as a base were made at 25 
tations between E] Estero and Marina. Insufficient control was availa- 
ble for detailed measurements further north, although continuity of 
erosional distances appeared probable at a few locations where rough 
comparisons were possible. Based on the quality of the photographs 
and the procedures used, the accuracy of results is rated as good. 
The measurements indicate an average rate of seacliff retreat 
of 1.3 yards per year for the period from 1945 through 1968 for the _ 
beach area from the zone of dune height increase near the southern 
sand plants, to about 1,000 yards south of the Salinas River mouth. 


Erosion was locally most pronounced just south of the southern Fort 


Ord border and in a two-mile long strip across the northern Fort Ord 





border. Erosion was comparatively minor along the center of Fort Ord 
and in the area of the Salinas delta. 

Topographical variations along this stretch of coast are large. 
The maximum height of the seacliffs is over 160 feet, and the tops of 
the high dunes along the Fort Ord area average over 100 feet. The 
presence of wind gaps and the lobate shape of the recent dunes, however, 
indicate a significantly lower average height for the entire beach 
length. Calculations indicated an average seacliff height of 38 feet 
(about 12.5 yards) for the approximately 15,000 yard length of beach 
which is backed by dunes. This area includes both the older dunes of 
the Fort Ord area and the more recent dune fields to both north and 
south. The quasi-synoptic sediment samples collected from the dunes 
indicate that on the average the dune material consists of 97 percent 
sand (material larger than 4 ¢). Based on these values and on the 1.3 
yard per year estimate of erosion, figures of 2.3 x 10° cubic yards 
of sand and 7 x 10° yards of fines are arrived at for the annual 
contribution of material to the beaches by this process. 


These figures are believed to be accurate to their order of — 








magnitude, and indicate that the seacliffs play an extremely large role 
in the sand budget of the area. There are obviously extreme variation 
in the amount of erosion from year to year. If the Salinas River sedi 
ment supply has recently decreased as indicated above, the dunes may 
be expected to become an increasingly important sediment source, in 


both a relative and an absolute sense, in the future. 
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F. MINING 
The removal of sand from the surf zone by mining must be considered 
a significant factor in the sand budget of the southern bay littoral 
cell. Sand and gravel deposits throughout Monterey County, and their ge 
commercial exploitation, have been documented by Goldman (1964) and 
Hart (1966). Hart lists some 21 deposits and mining locations through- 
out the county. Of these, 12 are Quaternary stream deposits which 
have extremely minor or no commercial development, and three are 
located on the Monterey Peninsula and play no active part in the 
sand budget of the bay. The remaining six are located along the 
coast in the area of interest. As previously indicated, five of the 
six mining locations drag the surf zone for much of their sand. 
P.C.A.'s Lapis plant in Marina is the exception; it uses a dredging 
pond behind the active beach. Commercial production along these 
beaches has been reported since the early 1900's. The Corps of Engi- oe 
neers estimated in 1959 that some 700,000 cubic yards of sand had 
been removed from the beaches since 1911, and that recent production 
averaged 75,000 cubic yards annually. 
Figures for annual sand production in Monterey County are 
listed in the U.S. Department of the Interior, Bureau of Mines Mineral 
Yearbook. This source indicated that the county's average annual out- 
put has been 847,000 short tons, or 5.84 x 10° cubic yards, for the 
years from 1953 through 1966. It was assumed that the locations along = 
the bay beaches produce approximately one-fifth of this total county 


volume from their beaches, so that 1 x 10° cubic yards of sand are 


annually removed by mining from the active beach face. 





The absolute accuracy of this estimate is not known since 
figures on annual production were not obtained from the individual 
companies but simply taken from the above referenced source. It 
wl would appear reasonable that the estimated volume is correct to an 
order of magnitude. If it is high, the 1959 estimate of the Corps 
j of Engineers (7.5 10*cubic yards) may be accepted as a reasonable 
' substitute. Nearly all of the beach material removed is in the 

medium to coarse sand size range. It is estimated that significant 
amounts of dune material, probably similar in volume to the beach 


sands, are also removed. 


* 
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G. SHORELINE AND BATHYMETRY CHANGES 


The Corps of Engineers (1959) conducted a careful shoreline change 


study of the harbor and southern bay area. Their work was based on 


C. & G.S. and Corps of Engineer surveys of 1851-1854, 1883, 1910, 1933, 
1948, and 1949. Their findings were generally inconclusive, indicating 
repeated shoreline advance and retreat, and no correlation of shore- 
line changes with floods of the Salinas River. -They noted some shoaling 
in the harbor itself (14,000 cubic yards per year), and attributed this 
to littoral drift from the eastern bay coast. This study, like several 
model studies of the harbor, was designed to help estimate the effect 
of a proposed additional breakwater east of the present harbor area. 
It was concluded that the breakwater would prevent further shoaling of 
the harbor and cause slow seaward movement of the shoreline immediately 
to the north. 

In the present study, only the C. & G.S. hydrographic survey 
smooth sheets of 1851, 1933-1934, and 1953-1954 were available for the 


harbor area; those of 1856 and 1933-1934 were available for the more 
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northern sections of the bay. Results of the comparison off the mouth 
of the Salinas River have already been discussed. From south of the 
Salinas delta (about 36° 42' 30" N) to the area south of Fort Ord 
where the transition in sand types was noted in Section II (about 36° Bar 
37' 30" N), the 1856 and 1933-1934 charts show only extremely minor 
variations in the location of the shoreline and in offshore soundings. 
A slight retreat of the shoreline may be indicated, but this is 
variable and on the order of 100 to 150 feet, and so is compatible 
with seacliff erosion. Survey chart comparison also revealed that 
retreat of the granodiorite exposure on the Monterey Peninsula is 
extremely slow. Additional new sediment added to the bay from this 
source is estimated to average less than a thousand cubic yards per 
year. 

The area of the southern bay tip appears to have experienced 
quite extensive erosion of the shoreline. Excluding the harbor area, “a 
where construction has greatly modified the bathymetry (a separate 
study at the Naval Postgraduate School is presently considering bottom 
changes in the harbor in great detail for the period since construc- 
tion of the Coast Guard breakwater), comparison of the 1851 and 1933- 
1934 charts shows a shoreline retreat of about 400 feet. The greatest 
change occurred in the extreme south, and it tapered off northward to 
almost identical shoreline positions at about 36° 37' 30" N. Comparison 
of profiles constructed from the two surveys indicated that major 
modifications occurred in the nearshore area to depths of about 6 


fathoms; in deeper water the differences in the bottom depth notations 


were well within the range of plotting and interpolation error. 





end 


Inside the 6-fathom line, cutting occurred for a depth of 3 
to 8 feet, depending on location. It jis estimated that a total volume 
of 10® cubic yards of material was removed from this area in the years 
between 1851 and 1933-1934 {slightly over 1 x 10* cubic yards per year). 
The comparison of the 1933-1934 chart with that of 1953-1954 indicated 
that there have been virtually no shoreline or bathymetry changes of 
consequence during this period, with the possible exception of a 
slight shoaling of the 3-fathom curve in the vicinity of Robert’s Lake. 
This area is near the base of the lobate seaward extension of medium 


sands noted in Section II. 





The accuracy of the 1851 to 1933-1934 depth changes found in 
this study is extremely questionable. Only a fairly poor fit of the 
1851 chart to the later charts could be obtained, so that the magnitude 
of the estimated cutting may be greatly in error. The charts do reveal, 
nevertheless, a definite indication that some significant erosion of the 
shoreline occurred in the southern bay tip prior to 1933-1934 and that 
this erosion has not been continued in the past 30 or so years. That 
there has been some actual shoreward progression of the coastline js a 
conclusion which is verified by qualitative reports from sand companies 
and from old photographs. The repository for the removed material is 
difficult to locate precisely. The presence of the lobate extension 
of medium sands to seaward north of the shale outcrop, and the report 
of Yancey (1968) that the offshore sediments in the southern bay are 
not directly attributable to the Salinas River, indicate the probability 
of offshore transport and subsequent diffusion of this material. 

Several reasons may be postulated to explain the significant 


erosion prior to 1933-1934 and the apparent cessation or severe reduction 
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in recent decades. One possibility is that erosion in the extreme 
southern end of the bay, which would have a natural tendency to 
deepen the southern bay tip, was effectively stopped when the super- 
ficial dune deposits in the area had been completely stripped from 


the more resistant Monterey shale. This inference is supported by 


| 
| 
| 
‘the fact that the nearshore shale exposure was noted by Gallither i 
(1932), but was not reported in 1851. This exposure lies near the 
depth of significant wave erosion so that removal of the nearshore 
portion of overlying, weakly consolidated dune deposits could be 
readily accomplished by forces known to exist in the area. Exposure a 
of the more resistant rock, and the deeper level of the now resistant , 
bottom, would stabilize the nearshore sea floor and thus assist in the 
stabilization of the shoreline. = 
A second possible explanation of the apparent erosion followed 
by stability is that the erection of the Coast Guard breakwater west 
of the harbor in 1934 significantly altered patterns of local wave 


ra refraction and nearshore water motion in the southern bay. Without 


the breakwater, currents would be able to sweep through the harbor 









“area in a cyclonic gyre; the breakwater has disturbed this pattern 

and created a sheltered area near the shore so that erosion has been 

significantly decreased. Detailed refraction and diffraction diagrams 

-’ for the harbor, and closely controlled surveys of the currents ‘in the 

area, could verify or disprove this suggestion. 
A third possibility is that the comparison of the 1851 and 

later charts was invalid for one reason or another, and that the 

“southern bay shore has been in near equilibrium for the last few 


centuries. It is this writer's opinion that the first suggestion is 
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the most probable, and that future changes in the shoreline of the 
southern end of the bay will be primarily dependent upon fluctuations 
of sand input from the north; this southern area will remain in near 
equilibrium with both waves and currents if the present sand supply 
is maintained. The introduction of sediment to the harbor itself is 
believed to be almost completely independent of present and future 
coastline changes and longshore transport. Due to the blockading 
structures on both sides, and lack of evidence of buildup of sand 
around these structures, it must be concluded that the input to the 
harbor consists almost entirely of suspended sediment brought in with 


the tides through the harbor mouth. 


H. SUBMARINE CANYON AND OFFSHORE LOSSES 
In spite of the many excellent papers dealing with the Monterey 

Submarine Canyon (e.g., Martin, 1964; Wilde, 1965; Martin and Emery, 
1967; Starke and Howard, 1968), it has been impossible to volumetrically 
estimate losses of sand to this sink. Prior to about 1906, when the 
Salinas River headed at the canyon mouth, it may be assumed that much 
of the sediment entering the bay passed directly into the canyon. The 
recent and rapid cutting of the tributary channel presently heading 
toward the river mouth indicates that the canyon continues to remain a 
major sink. 

The cutting of the Salinas channel of the canyon may be suf- 
ficiently active that the northern border of the southern bay littoral 


cell could in time be shifted to the region of the river mouth. Some 





percentage of the river's output could then be considered as moving 


south into the southern bay littoral cell, the remainder being either 





immediately lost to the canyon or supplying a small, separate cel] 
between the river and Elkhorn Slough. 

The presence of offshore sinks in addition to the canyon is 
indicated by the results of the quasi-synoptic sampling and by 
previously charted offshore sediment distributions (e.g., Galliher, 
1932; Wolf, 1968). While the major portion of the offshore material 
is quite fine, it is obviously terrigenous and recent in origin. 
Sediments with over 50 percent sand sized material have been found 
over five miles from shore. 

It is pertinent to note that no definite sinks were revealed 
in the lower bay by smooth sheet comparisons. There are thus no 
methods available for quantitatively evaluating any of the losses to 
sea. These are therefore estimated entirely on a basis of budget 
continuity. To balance the various gains and losses presented in 
other parts of this section, an annual average loss of approximately 
4 or 5 x 10° cubic yards of sand is required. It is obvious that if 
the other estimates are in error, or if the budget is not in balance, 
this figure may be meaningless. It is the author's opinion, however, 
on the basis of the apparent rapidity of cutting of the Salinas sub- 
marine channel and the volumetric decrease of longshore transport in 


a southward direction, that the offshore and down-canyon losses are 


at least on the order of 5 x 10° cubic yards per year. 
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T. SUMMARY 


Accepting the values computed in this section, and assuming that 
the budget is balanced, the gains and losses of the budget may be 


summarized as follows: 


: YD? | , YD3 
Credits 1 Debits cca 
Salinas River: 2 x 10" sand Mining: 1 x 105 sand 


3 x 10° fines 


Coastline Erosion: 2 x 10° sand Wind (Onshore): 2 x 10* Combined 
7 x 10° fines 
Canyon and 
Wind (Offshore): 2 x 10° combined Offshore: ax 10° combined 7! 
5.29 x 105 5.2 x 10° 


This is obviously a forced fit, and assumes no progradation or 
erosion of the bottom in any area of the bay shallower than about 6 
fathoms (the approximate limit of significant wave action). It is the 
author's opinion that these figures are not completely indicative of 
the relative magnitude of geomorphologic forces in the bay at the 
present time. An estimation of the validity of each figure, and a 
proposed modification when deemed advisable, is as follows: 

1. River Supply: The value for fines is satisfactory as a 
maximum estimate; the value for sand is too large for a long term 
average under present conditions. The revised estimate of the total 
outflow of sediments is 2.5 x 10° cubic yards per year. 

2. Shoreline Erosion: The value is satisfactory as an 
estimate of conditions in the last 20 to 30 years. There is much 
variation from year to year, and in most years there is no significant 


net input. The rounded-off estimate is 2 x 10° cubic yards per year. 
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3. Wind Gain: This estimate is too small, due to an under- 
estimate of the wind debit. The revised estimate is 10 percent of 
the revised loss value, or 0.3 x 10° cubic yards per year. — 

4, Mining Loss: This estimate is accepted as satisfactory: 

1 x 105 cubic yards per year. 

5. Wind Loss: The estimate is too low by more than an order 
of magnitude, due to the use of summarized wind data from a sheltered 
location. The revised estimate is 3 x 105 cubic yards per year. 

6. Canyon and Offshore Losses: The validity of this estimate 
is presently unknown. The value for this sink is subjectively 
estimated as 5 x 10° cubic yards per year. 

7. Additional: Sources such as new sand derived from abra- 
sion of the granodiorite and shale, hydrogenous: and biogenous deposi- 
tion and generation, etc., probably total less than 10° yards per 
year. Losses from attrition and transport around Point Pinos are - 
probably of the same order of magnitude. 

' 8. Resultant: 4 x 10° cubic yards per year total deficit, 
thus anticipated erosion of the nearshore. 

‘The components for this sediment budget for the southern : 
Monterey Bay littoral cell are presented schematically in Figure 29. 
It is essential to bear in mind that the values shown are subjective 


and tentative. 


132 














SEDIMENT BUDGET 
Southern Monterey Bay 


/ Figure 29 


( [VV te 
<_< 
Canyon Axis 


n 
cany® 1x 10° // 
Salinas Channel 


3x orf 
River 






36° 50'N 
Elkhorn Slough 




















Mining 
3 x104 







, Seacliff 
/ : Ontener’ Erosion| Marina 
Ix lO 


2xlO° 













Wind 
7 3x10 
Ee Mining 
7 x104 


5 


W Wind 
3x 107 


























1x 10° 
Transport 
Around 


Point 






Robert's Lake 












Monterey 





v 
El re NAUTICAL MILES 


FROM GALLIHER (1932) ‘s ; { cae I 2 
CONTOURS IN FATHOMS 2t° 55 W 50 





V.° ~ CONCLUSIONS AND’ RECOMMENDATIONS 


A. SUMMARY OF FINDINGS 

Detailed and numerical conclusions have been presented at the end 
of each section and of some subsections. Some of these conclusions 
are contradictory, for they are based as much as possible solely on 
the information presented in the particular subsection. An attempt ( 
has been made to provide in each case an objective estimate of the ; 
reliability of the data and calculations on which these conclusions 
were based. The author believes that the information presented herein 
has revealed many of the important geomorphological forces at work in 
the area, has provided a detailed and quite accurate picture of the 
results of these forces as shown by the present sediment ik otis in 
the extreme southern end of the bay, and has indicated that changes 
during the past century and even the past decade will have a signifi- 
cant effect on the future condition of the southern Monterey Bay 
littoral cell. 

The author's impression of these changes and patterns and some 

extremely tentative suggestions and predictions follow. The reader 7) 


is obviously free to reject or accept them, and has hopefully been 





provided with sufficient background material in this report that he 
can reach independent conclusions. 

Prior to about 1906, when the Salinas River emptied into 
Elkhorn Slough, the southern Monterey Bay area was slowly being cut 
back by the erosive forces of wind and waves. Some sediment was 
brought into the area each year by the Salinas discharges, but most 


of this was removed to the dunes or offshore before it reached the 
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southern end of the bay and the harbor. Periodic storms cut back the 
dune deposits, relicts of an earlier geological stage. Most of this 


material was transported offshore south of the major dune field where 


longshore drift downcoast from the north was met by upcoast transport / 


caused by nearshore currents sweeping through the harbor area and J 
removing sediment to the north. Once in water depths beyond the 
normal zone of wave action, this material was’ slowly diffused north- 
ward and further offshore by the nearshore current systems. 

Along the Monterey Peninsula, slow rock erosion and attrition 
yearly added minute volumes of sand. The steep profile of the rocky 
beaches along this coast prevented any buildup or significant long- 
shore transport of this material, and most of it moved offshore to 
depths of 20 to 25 fathoms, very near the source rocks. The Monterey 
Submarine Canyon's main channel was actively eroding \and cont ining 
its shoreward progression. Much of the Salinas River output passed 
directly down the canyon, either immediately or by periodic slumping. 
Some of this river-derived sand moved southward and settled on an 
older deltaic deposit of the river. Very little or none of the 
Salinas material moved to the north, due to the dominant direction 
of wave arrival. 

About 1906 the river mouth cut through a retaining sand bar 
along the beach and began to empty at its present lection, The 
first few years following this change saw a rapid growth of the delta 
off the new mouth of the river. The more southerly location of the 
river outfall greatly increased the supply of sand to the southern 
cell, and similarly decreased the immediate down-canyon losses. This 


larger volume of sand moving downcoast slowed down erosion rates of 


155 





much of the southern coastiftne. “Due to” the dispersive nature of wave 4 
action and littoral transport during winter, much of the material 
brought into the bay remained’near the river mouth and was added to ie 
the submarine delta. As the delta continued to grow, realignment of 
the beach in response to wave action resulted in the littoral trans- 
port of a greater percentage of each year's added material away from 
the river mouth both southward and northward toward the main canyon 
axis, aS well as offshore locally. The increase of sediment volume 
on the offshore edge of the delta, near the border of the canyon, 
created a condition of instability, and slumping into the canyon 
occurred. This began to cut a submarine channel which rapidly pro- 
gressed shoreward through the recently added, unconsolidated material. 
This cut may have occurred at the location of an ancient arm of the 
canyon, or may have been due entirely to the modern outflow. . 
Erosion of the southern bay shore continued slowly throughout Or 
this period. Sometime about or before 1930, erosion had progressed 
to the stage where the overlying dune material had been completely 
removed from the more resistant Miocene shale deposit in the southern 
tip of the bay. At about the same time, the increased sand influx 
due to the Salinas River's change in location was felt, and the 
shoreline reached a condition of near equilibrium. Shortly thereafter, 
the breakwater was constructed. This had the effect of further 
decreasing the erosive forces in the harbor area, so that minor 
silting and shoaling commenced: Wave action on the eastern shore 
remained sufficient to balance the influx of sand from the north, so 
that the recently uncovered shaie areas remained void of sediment. 


The southern beaches stayed in their near-equilibrium condition. 
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' their near-equilibrium stage. The detailed patterns of sediment 


The major influence of the Salinas sand supply stopped about 
a mile or two south of the southern Fort Ord border. In this area, 
the annual removal of coarse sands by the mining companies, plus the 
consistent removal of sand to the dunes by wind and offshore by rip 
currents, nearly completed the balance necessary to prevent signifi 
cant movements of sand further south. The small amounts of material 
which did continue to move toward the harbor area were mostly carried 
offshore in the area where they were met by material moving northward 
from the harbor under the force of the cyclonic current gyre in the 
southern end’ of the bay. 

In 1958, the Nacimiento Dam was completed and the annual sedi- 
ment discharge of the Salinas River decreased drastically. The lack 
of annual renewal of material to the Salinas delta decreased the 
volumes available for cutting of the canyon channel and for supply to 
the downcoast beaches. Wave action continued at the same intensity, 
so that the accumulation of material on the delta was slowly cut into. 
The abundance of material in the area near the river mouth, plus the 
reduced but still significant annual influx, has been sufficient to 
maintain a steady supply of sand to the southern coast. It may be 
estimated that the volume of material annually brought into the lit- 
toral cell at the present time is roughly similar to that which entered 
prior to the change in location of the river outfall in about 1906. 


‘At the present time, the beaches may be nearing the end of 


parameters in the southern end of the bay, the reports of sand companies, 





and the seasonal variations in size indicate that at the present time 


diurnal and seasonal variations in textural composition of the beaches 
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are larger in magnitude than any measurable net change. How long this 

condition will last is hard to predict. The dune sands are of suf- 

ficient grain size composition to resupply the bulk of the beach sands. i 
They do not, however, contain significant percentages of material as 
coarse as the sands removed by the southern mining companies; this 
material had its origin as discharge from the Salinas River, and its 
continued availability is dependent upon continued river inputs. 
Modern dunes, such as those just south of the river, and the delta 
itself, contain immense quantities of coarse-sized material, so 

that no immediate falloff in either composition or size of the 
southern beaches is likely. It is probable, however, that in the next 
40 to 50 years the erosional rate of the beaches and dunes will again 
slowly increase as sand is continuously removed by the present sinks 
and the annual downcoast influx decreases. It is also probable that 
the beaches will realign themselves to account for the changed condi- :< = 
tions, and that longshore transport will be decreased significantly. 

Storm erosion, mining, and wind transport will all continue, as will 

down-canyon and offshore losses. It may therefore be predicted that 

the beaches of southern Monterey Bay will continue to move shoreward, 


and that the texture of the beach sand will become finer. 


B. COMMENTS ON METHODOLOGY 

1]. A detailed, closely spaced sediment sampling program carried 
out in a limited area has proved to be of extreme value in the 
interpretation of geomorphological forces in a much larger area. 
Without the close sampling, only very general patterns of distribution 
parallel to the isobaths have been previously shown for the southern 


Monterey Bay littoral cell. A detailed delineation of sediment 
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parameter patterns has in this case revealed many anomalous areas 
and features which are extremely significant for the bay's history 
and future. While heavy-mineral analysis, use of different types 

of sediment statistics, or other procedural modifications might have 
helped in the overall interpretation, the standard textural analysis 
and Inman parameters used have proved entirely satisfactory in 
describing this geological suite for the purposes for which the 
information was required. One -indication of the value of this type 
of areal analysis is the good correlation obtained between the sedi- 
ment patterns of today and the dynamic forces in the area as estimated 
from several completely independent methods. 

2. The techniques used in the sediment budget estimates are 7 
generally well known. The lack of more certain values for the | 
budget components is primarily due to the incomplete nature of the iy, 
input data needed to compute them. This study obviously provided only 
an extremely rough first estimate. It is believed that the conditions 
as summarized are real, and not a product of the computations. More 
careful study, better data, and more thorough analysis are required 
to confirm the predictions of nearshore changes in the southern bay. 
It is the author's contention that further study is warranted in the 
interests of future planning and conservation. 

3. An attempt has been made to provide sufficient informa- >) = 
tion and data in each section of the thesis so that the work may be nats 
repeated, or at least so that data sources and information may be 
easily located. The subjective conclusions presented in this section 
are solely those of the author. Each section of the paper has——. 


independent conclusions, so that a reader may make his own appraisal 
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‘of the validity of each portion as well as of the final subjective 
\ synthesis. 

4, It must be at least briefly noted that the longshore sedi- aa, | 
ment transport figures were based upon refraction coefficients deter- 
mined using C & G.S. Chart 5403. The smooth sheets on which this 
chart are based are at least 15 years old at the present time; in 
many critical areas, such as the Salinas Delta area, a detailed 
bathymetric survey has not been conducted since 1933-1934. Changes 
which would be revealed by new surveys, and calculations based on 
actual present bathymetry, could easily yield results which are 


significantly different than those presented in this study. 


C. RECOMMENDATIONS 
In the belief that further study of the sand budget of the southern 
bay is warranted, the following specific suggestions for initial e 4 
efforts are suggested. These recommendations are for projects 
designed to provide fairly rapid verification or rejection of the 
hypotheses of this initial study. 
1. A carefully controlled bathymetric survey of the Salinas 
River delta would indicate the magnitude of river input since 1933- 
1934, and any additional growth of the Salinas submarine channel. 
According to the hypotheses of this paper, the delta should be 
slightly larger than in 1933-1934, the channel should be significantly 
larger, and periodic time surveys should show decreases or at least 
stagnation in delta size. oe 
2. A quick survey of the volume of sediment reservoired 
behind the Nacimiento Dam should verify or refute the postulate that 


it has cut off a significant supply of sediment from the ocean. 
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ene 3, Heavy mineral analysis of offshore sediments in the 

southern part of the bay, particularly near the Peninsula and in 

— i the area south of Fort Ord, should help to indicate provenence of 

» f the material and thus provide a better estimate of direction and 

ee magnitude of nearshore transport. 

: 4. Scuba surveys of the nearshore shale outcrop and the lobe 
of medium sand northeast of it should elucidate the nature of the 
depositional and transportational environments in these two key areas. 


5. Each of the portions of the budget should be reanalyzed ~- 
and recomputed, preferably by different investigators for purposes of ea 
objectivity. Much data are available for most of this work, but time i 
and personnel must be provided. However, field measurements of winds, 
river discharge, and other quantities are needed before some component 
of the sediment budget can be significantly refined. 

-s 6. The sediment samples collected in the southern bay for 
this study are the most closely spaced for any marine geological 
suite known to this author. They are believed to be suitable for 
further analysis, either using different types of sediment parameters 
or by entirely different methods, such as trend surfaces. The 
textural information on all of the samples used in the study are 
available in the appendix, and°also in digitized form at the Naval 
Postgraduate School. The samples themselves have been retained. It 


is believed that further analysis of these samples can be fruitful 


27 
1 


for studies both of the area and of basic sedimentary processes. 
% 7. Carefully collected and analyzed time-series beach sand 
samples from a period of a year or more would improve or modify the 


conclusions of Section III. While the sand-company data, both 
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objective and subjective, have been of extreme value to this study, 
controlled sampling could be of great assistance in identifying long- 


term textural modifications and in separating them from short-term oo 


transient conditions. 
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: APPENDIX A 


: FORTRAN IV language computer program using uncorrected 


weight data to determine and graph cumulative percents. 
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APPENDIX B 


FORTRAN IV language computer program using 
percentile values in millimeters to convert 


to ¢ units and compute Inman parameters. 
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APPENDIX C 


Summary of size fraction weights of samples 
collected for the quasi-synoptic areal survey. 
This list does not include samples designated 
as rock or samples run by pipette analysis. 
Column entitled Pan Size is diameter of sieve 


in millimeters upon which the noted weight 


fractions were retained. 
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SUMMARY OF SAMPLE WEIGHTS 
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APPENDIX D 


Summary of cumulative percents of samples 

. collected for the quasi-synoptic areal survey. 
This list does not include samples designated 
as rock or samples run by pipette analysis. 
Column entitled Pan Size is diameter of sieve 
in millimeters which corresponds to the noted 


cumulative percent value. 
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SUMMARY OF CUMULATIVE PFERCENTS 
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APPENDIX E 


Summary of phi percentiles and Inman parameters 
for all samples collected for the quasi-synoptic 
areal survey. Samples designated as rock or run 


by pipette analysis are listed separately at the 


end of the general listing. i 
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PIPETTE ANALYSIS RESULTS 


Sample Number 





a D1 Pa _D2_ PS 
- 5 2.50 ~ 2:35 2.26 2.32 
b6 2.83 2.70 2.48 2.62 

59 = My 3.30 3.10 2.80 3.20 

bg 3.80 3.68 3.40 4.25 

bo5 5.65 4.60 4.42 6.80 

Percent Clay 3.88 2.06 3.52 2.90 

M, 3.32 3.19 2.94 3.48 

0 0.48 0.49 0.46 0.82 

_ ot 0.04 0.18 0.30 0.34 
0. 1.62 0.62 1.17 1.66 
> > B 2.28 1.30 1.35 1.73 


The following samples were designated as rock on the basis of fresh 

rock fragments or living organisms known to exist only on solid 

substrata obtained in the grab: 

23, 24, 42, 45, 46, 47, 257, 258, 280, 281, 282, 284, 285, 290, 401, & Pl. 
Sample number 181 contained only sand dollars (Dendraster excentricus). 
Samples numbered 418 and 419 contained only calcareous detritus, pri- 


marily worm tubes and broken shell fragments. 
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APPENDIX F 


Scatter plots of various combinations of 
Inman parameters for all samples collected 
for the quasi-synoptic areal survey, and for 
bottom samples by depth interval, with those 


samples located near shale outcrops or the Ce 


Monterey Peninsula removed. 
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Ist Skewness vs Deviation 





WATER SAMPLES EAST OF SHALE OUTCROPS 
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Kurtosis vs Ist Skewness 
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<. Kurtosis vs end Skewness 
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Kurtosis vs 2nd Skewness 





WATER SAMPLES EAST OF SHALE OUTCROPS 
X: 0-10 FATHOMS +:10°20F O:20-30F © :>30F 











Ist Skewness 


2nd Skewness vs 











© : WATER SAMPLES 


: BEACH SAMPLES 


x 








213 





2nd Skewness vs Ist Skewness 





WATER SAMPLES EAST OF SHALE OUTCROPS a" 
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APPENDIX G 


Phi percentiles and Inman parameters of samples 
collected and analyzed by the noted sand mining 
companies. Sample number refers to consecutive 


day of the referenced year. 
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APPENDIX H 


Contours of refraction factor (K,) and wave angle 
(a,) at the breaker zone, plotted with respect to 


wave period and direction of approach in deep 


water, for 5 stations in southern Monterey Bay. 



















LCM 
VAN ST 
tact | NY 


BS) ssw SW WSW Ww WNW NW NNW N 
Direction of Approach 


in Deep Water 






T secs 








Refraction 


Station |: 36° 36°.44N Contours 


[21° 52'°.08W 












SSw SW WSW W WNW NW NNW N 
Direction of Approach 





SSW SW WSW Ww WNW NW NNW N 








Station 2: 36° 38'49N 
i2i° 50°13 W 


Refraction 
Contours 





SAU 
ENN EE 
LAW AT 


Direction of Approach 










in Deep Water 


oases 
izaaiiiiees 
MMI 


efraction 
Contours 



















aN ZN 
a 
: & au 



















(aS 
Wises 
ns 


sa 
| SS SA : 
== 


tation 5: 36° 46'79N 
[21° 47.99 W 

















r 
Contours 





INITIAL DISTRIBUTION LIST 


' No. 


t 1. Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


x 
 S: Library 
Naval Postgraduate School 
Monterey, California 93940 


3. Naval Weather Service Command 
Washington Navy Yard 
: Washington, D. C. 20390 


4, Commanding Officer and Director 
Navy Electronics Laboratory 
Attn: Code 2230 
San Diego, California 92152 


5. Director, Naval Research Laboratory 
ro Attn: Tech. Services Info. Officer 
; - Washington, D. C. 20390 


a ¢ “6. Commanding Officer and Director 
Navy Civil Engineering Laboratory 
Port Hueneme, California 9304] 


7. Division of Oceanography 
Environmental Science Services Administration 
Silver Spring, Maryland 20910 


8. Oceanographer of the Navy 
The Madison Building 
732 N. Washington Street 
Alexandria, Virginia 22314 


9. Naval Oceanographic Office 
Attn: Library 
Washington, D. C. 20390 


10. National Oceanographic Data Center 
Washington, D. C. 20390 
: / 
7 3? “11. Director, Coast and Geodetic Survey 
Department of Commerce 
Attn: Office of Oceanography 
Washington, D. C. 20235 


229 





of Copies 


20 


V2 
13. 


14, 


155 


f 
J 20. 





Mission Bay Research Foundation 
7730 Herschel Avenue 
La Jolla, California 92038 


Director, Maury Center for Ocean Sciences 
Naval Research Laboratory 
Washington, D. C. 20390 


Office of Naval Research 

Department of the Navy 

Washington, D. C. 20360 

Attn: Special Projects (Code 418) 

Attn: Geography Branch (Code 414) 

Attn: Geophysics Branch (Code 416) 

Attn: Ocean Technology Branch (Code 408T) 


Office of Naval Research 

Branch Office 

Box 39 

Fleet Post Office, New York 09510 
Attn: LCDR James E. Hancock 


Library 

California Division of Mines and Geology 
Ferry Building 

San Francisco, California 9411] 


Commanding Officer 

U. S. Army, Corps of Engineers 
San Francisco District Office 
180 New Montgomery Street 

San Francisco, California 94105 
Attn: Mr. Ralph E. Blyberg 
Attn: Mr. Marshall Blank 

Attn: Mr. Orville T. Magoon 
Attn: Library 


State of California 

Department of Water Resources 
P. 0. Box 9137 

Sacramento, California 95816 
Attn: Mr. Robert Ford 


U. S. Geological Survey 
1636 East Alisal 

Salinas, California 9390) 
Attn: Mr. B. Eissler 


Department of Oceanography 
Code 58 

Naval Postgraduate School 
Monterey, California 93940 


230 


No. of Copies 


1 


: No. of Copies 





21; Department of Meteorology ] 
‘ Code 51 ' 
es Naval Postgraduate School 


Monterey, California 93940 


“+ 22; Monterey County 
Flood Control and Water Conservation District Office 
Court House 
Salinas, California 9390] 
Attn: Mr. R. Loftus 


23. City of Monterey ] 
Public Works Division 
Monterey, California 93940 
Attn: Mr. L. W. McIntyre 


24. Dr. Phillips, Director ] 
Hopkins Marine Station 
Cabrillo Point 
Pacific Grove, California 93950 


Moss Landing Marine Laboratory 
r,t Moss Landing, California 95039 
26. Granite Construction Company — 
"m Fremont and Del Monte Blvds. é 


Seaside, California 93955 
Attn: Mr. R. Atkins 


27. Monterey Sand Company, Inc. ] 
625 Elder Street 
Sand City, California 93955 
Attn: Mr. R. E. McDonald, ITI 


4 28. Pacific Cement and Aggregates ] 
Prattco Plant 
Seaside, California 93955 


25. Dr. John Harville, Director . ] 
Attn: Mr. F. Dimaggio 


29. Pacific Cement and Aggregates ] 
Lapis Plant 
- Marina, California 93933 


Attn: Mr. J. P. Barbier 


a: 30. Dr. Douglas L. Inman ] 

ms Scripps Institute of Oceanography 

University of California, San Diego 
P. 0. Box 109 

La Jolla, California 92038 





23] 





No. of Copies *) 


31. Dr. Frank Press, Chairman 1 ; 
Department of Geology and Geophysics a 
Massachusetts Institute of Technology “ar 
Cambridge, Massachusetts 02139 ; 

32. Prof. Joe Johnson ] i 


Department of Civil Engineering E 
412 Hesse Hall 

University of California, Berkeley iF 
Berkeley, California 94700 


33. Mr. Bill Johnson 7] 
Chief, Building and Grounds 
Office of the Post Engineer 
Fort Ord, California 93941 


34. Mr. Thorndike Saville, Jr., Director 1 ea 
-. Research Division 
Coastal Engineering Research Center 
520 Little Falls Road, N.W. 
Washington, D. C. 20016 


35. Dr. F. P. Shepard ] 
Scripps Institute of Oceanography - 
University of California, San Diego 
P. 0. Box 109 
La Jolla, California 92038 


ae el neaeee 


36. Dr. W. C. Thompson ie 
Department of Oceanography 
Naval Postgraduate School 
Monterey, California 93940 


37. LTC. E. Dorman “) 
Department of Geology and Geophysics 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 


Z32 ie 





UNCLASSIFIED 


Security Classification 





DOCUMENT CONTROL DATA-R&D 


a Security Classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) _ | 
t. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION 
Naval Postgraduate School UNCLASSIFIED | 


i 3. REPORT Tee 


+ | The Southern Monterey Bay Littoral Cell: A Preliminary Sediment Budget Study 


4. DESCRIPTIVE NOTES (Type of report and, inclusive dates) | 
Master's Thesis 


5. AUTHORIS) (First name, middle initial, last name) 


Craig E. Dorman, Lieutenant, USN 


Ba. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBERIS) 
i b, PROJECT NO. 


(es 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
| this report) 


Td. 


10. DISTRIBUTION STATEMENT 


= Distribution of this document is unlimited. 


d : 11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Naval Postgraduate School 
Monterey, California 93940 





Fis. ABSTRACT 


A sediment budget was developed for southern Monterey Bay, California. 
This budget is based heavily upon sediment information obtained from field and 


laboratory studies. These studies included a detailed quasi-synoptic areal sampling 
to determine distribution of textural patterns, and a time-series study of beach 
and surf-zone sand samples obtained from local sand-mining companies. 


Results from these studies were combined with data on river discharge, the | 
wind and wave regimes, and shoreline changes during the past century to develop 
quantitative estimates of sediment gains and losses to the cell. It was determined 1 
that the major sources of sediment are the discharge from the Salinas River which 
empties into the northeast corner of the cell, and erosion of Quaternary seacliffs 

“2 which form the inner bay shore. Major sinks are the Monterey Submarine Canyon, 

i active coastal dune fields, the mining companies, and the offshore area. 

ge? Wa The recent history of the sediment regime in the southern bay is reviewed, 
and a forecast of future nearshore changes is made. Recommendations for further 
work needed to refine the budget computations are presented. 


S/N 0101-807-6811 Security Classification 


233 A-31408 


DD °""..1473 (Pace 1) } UNCLASSIFIED os 





“UNCLASSIFIED 


Security Classification 


KEY WORDS 








SAND 
SEDIMENT ln 
SEDIMENT BUDGET 3 
MONTEREY BAY 
BEACH 
LONGSHORE TRANSPORT 
SHORELINE EROSION 
% 
- 
es 








DD .7o",.1473 (sack) UNCLASSIFIED 


S/N 0301-807-6891 Security Classification A-31409 


234 








Thesis 
D657 Dorman 


C.2 The Southern Mo erey 
Bay littoral] ie 


& preliminary Sediment 
budget study, 


104845 


Pe ‘ii 





